



INVITED BUT EXCLUDED: EXAMINING THE UNDERREPRESENTATION OF 
AFRICAN AMERICAN WOMEN AND GIRLS IN STEM-BASED FIELDS OF 
EDUCATION, AND HOW HISTORICALLY BLACK COLLEGES AND UNIVERSITIES 











Submitted in partial fulfillment of the requirements  
for the degree of Doctor of Education in Education Policy, Organization and Leadership 
with a concentration in Learning Design and Leadership  
in the Graduate College of the  






Professor Mary Kalantzis, Chair 
Professor Bill Cope 
Professor Matthew Montebello, University of Malta 




This dissertation explores the social, institutional, and structural conditions believed to be 
at the center of the racial disparities that influence access and participation within secondary and 
post-secondary environments of science, technology, engineering, and mathematics (STEM) 
education.  More specifically, this study investigates the disproportionate underrepresentation of 
African American women and girls in STEM fields of education, examines how the unique 
social experience of African American women is compounded by the intersectionality of their 
racial and gender identity, and investigates how Historically Black Colleges and Universities are 
making science and technology education more equitable, socially inclusive, and culturally 
representative of our broader academic society.  
Keywords: African American women, black girls, critical race feminism, critical race 
theory, equity, diversity, inclusion, phenomenological variant ecological systems theory, 





First, I would like to thank my dissertation committee: Dr. Mary Kalantzis, Dr. Bill Cope, 
Dr. Matthew Montebello, and Dr. Yoon Pak, for their honest assessment of my preliminary and 
final research deliverables.  Your guidance and support were vital to completing my academic 
research, and I am grateful for all that you have contributed to my doctoral journey.  I would also 
like to thank Kara Francis, our program’s Adjunct Instructor, for being a beacon of light 
throughout this process, particularly in the exam-dissertation stage of the program.  Encouraging 
me to set writing goals and to commit to a spring defense of my research are perhaps the biggest 
reasons I completed this process in time for May 2021 commencement.  So again, thank you.   
I would also like to thank my family.  It is difficult to put into words the gravity of their 
love and support; how a kind word would lift me when it seemed that the requirements of this 
program were insurmountable.  When personal circumstances beyond my coursework seemed 
too heavy to bear, they stepped in, offering prayer, counseling, laughter, and reassurance.  My 
parents, siblings, extended family, and close friends were both my saving grace and my cheering 
section.  For investing your love and time, I hope that my work beyond this program issues the 
kinds of personal dividends that make you proud of having contributed so much to this process. 
Finally, I’d like to dedicate this work to my niece, Alyssa, a brave young woman who, as 
a 13-year-old, noticed that she was the only black girl participating in my organization’s 
afterschool STEM program.  With a single question: “Why am I always the only black girl?” she 
challenged me to make learning environments more equitable, inclusive, and representative of 
the world around us.  She is the inspiration behind the themes of this research, and I hope that 
one day it will inspire her to pursue and achieve her life’s greatest ambitions, whatever they 
might be.    
 
iv 
TABLE OF CONTENTS 
LIST OF TABLES  ......................................................................................................................... v 
LIST OF FIGURES  ...................................................................................................................... vi 
CHAPTER 1: INTRODUCTION  .................................................................................................. 1 
CHAPTER 2: LITERATURE REVIEW  ..................................................................................... 10 
CHAPTER 3: METHODOLOGY  ............................................................................................... 59 
CHAPTER 4: FINDINGS  ........................................................................................................... 83 
CHAPTER 5: CONCLUSION  .................................................................................................. 119 
REFERENCES  .......................................................................................................................... 130 
APPENDIX A: INTRODUCTORY EMAIL AND RECRUITMENT ANNOUNCEMENT  ... 139 
APPENDIX B: STUDENT CONSENT FORM  ........................................................................ 140 
APPENDIX C: STUDENT QUANTITATIVE STUDY INSTRUMENT  ................................ 143 
APPENDIX D: INSTRUCTOR CONSENT FORM  ................................................................. 151 
APPENDIX E: INSTRUCTOR QUALITATIVE STUDY INSTRUMENT  ............................ 154 




LIST OF TABLES 
Table 1. Social Demographics of Participants of the Quantitative Study .................................... 86 
Table 2. Early-stage Participation in STEM ................................................................................. 88 
Table 3. Instructor and Peer Diversity in After-School STEM Programs  ................................... 92 
Table 4. Students’ Level of Interest in STEM Disciplines  .......................................................... 98 






LIST OF FIGURES 
Figure 1. Conceptual Model of Phenomenological Variant Ecological Systems Theory  ........... 39 
Figure 2. Theoretical Framework for Examining Racial & Gender Diversity in STEM  ............ 41 
Figure 3. Sequential Mixed-Methods Research Design  .............................................................. 77 
Figure 4. Implementation Timeline  ............................................................................................. 80 
Figure 5. Sequential Mixed-Method Design  ................................................................................ 85 
Figure 6. Highlights of Quantitative Findings  ............................................................................. 96 
Figure 7. Pie Chart of the Respondents’ Expressed Interest in STEM Fields  ............................. 99 
Figure 8. HBCU and PWI Students’ Perception of their Social Experience .............................. 101 
Figure 9. Key Moments from the Qualitative Study .................................................................. 115 













CHAPTER 1: INTRODUCTION 
Introduction – “Why Am I Always the Only Black Girl?” 
“The robotics stuff is really fun!  And I like learning to code.  But I kind of wish there 
were more girls here.  I’m always the only one!  There are students of all backgrounds in 
the classes, so that’s cool.  And (my brother) is making a lot of friends.  But why am I 
always the only black girl?  I mean, girls like to code, too, right?  So, why am I the only 
one?” 
These are the words of my (then) 13-year-old niece, who has participated in my 
organization’s youth science, technology, engineering, and mathematics (STEM), and 
entrepreneurship program since it launched in 2016.  In 2012, I founded a non-profit 
platform whose mission has been to create learning opportunities in vocational concentrations 
disproportionately underrepresented by minority, veteran, and female populations, specifically 
entrepreneurial and technology-based fields of endeavor.  Emerging Entrepreneurs, Inc., the 
organization, primarily serves transitioning service members, military spouses, and minority 
founders via a range of small business and workforce training services, each designed to prepare 
marginalized members of our society for opportune careers in innovative and entrepreneurial 
sectors.  However, in the spring of 2016, we incorporated a youth STEM, mentorship, and 
business education curriculum.  To date, our initiatives have introduced over 1,800 at-risk and 
otherwise socially disadvantaged youth to the excitement of STEM education, with programs 
ranging from LEGO® robotics training courses to coding and drone-flight education seminars.  
As the Executive Director, my goal has been to counteract the widening access gap between 
minority & female K-12 students and their white, mostly male counterparts by sponsoring free, 
open-enrollment STEM learning opportunities in community centers and public schools across 
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the state of North Carolina.  Most of our participants had only received limited exposure to 
science and technology education due to conditions ranging from inadequate educational 
technology in their schools to socio-economic hardship.  Still, the depth of their interest in 
STEM-based topics and disciplines indicate that access, inclusion, geography, and equity are all 
significant contributors to their lack of social diversity in these sectors. 
As an African American social entrepreneur whose charitable interests aim to serve those 
subsisting along the social and economic margins of our society, I’ve witnessed first-hand how 
limited access to technology education impacts interest, participation, retention, and self-efficacy 
within communities of students whose engagement with STEM education is constrained.  
Moreover, as an educator, I can attest to how the lack of racial and gender diversity in innovative 
fields of learning is in many ways attributable to the disenfranchisement of underrepresented 
populations in STEM education.  This lack of diversity exists not only in terms of student 
involvement and learning outcomes in technology-focused academic environments but also in 
the racial and social makeup of the STEM workforce.  While the demand for science and 
engineering skills grows within the private sector, so have my organization's efforts to support, 
fund, and sponsor initiatives that promote equity and cultural representation within these specific 
areas of education.  Having worked to confront the structural inequities inhibiting diversity in 
STEM, led STEM learning efforts that target students in under-served and socially 
disadvantaged communities, and investigated how the underrepresentation of minority 
populations in STEM is compounded by the intersectionality of a student’s race and gender, the 
substance of my personal and professional experiences have profoundly influenced the context 
through which I examine the conditions that have underwritten disparities in access and 
participation in science and technology education.  Contributing to the academic discourse 
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around diversity and equity within these learning disciplines while also examining how the 
juncture of a student’s race and gender identity impacts student outcomes, I believe, allows for a 
more comprehensive assessment of the social disparities that exist within science and technology 
learning.  Moreover, studying the structural conditions causing the underrepresentation of 
African American women and girls in STEM will help to address the concerns of a young and 
aspiring technologist who, despite her uncle’s best efforts, longed for the STEM learning 
environments she frequented to be more equitable, inclusive, and culturally representative of her 
own social and racial identity.  Thus, I hope that my personal and professional interests will lend 
to broader examinations of not only why diversity and inclusion in STEM education matters but 
how institutions of higher learning can contribute to improving gender and cultural 
representation, retention, and academic outcomes in STEM-related learning disciplines. 
Purpose of Study 
The academic works reviewed herein investigate the conditions contributing to the racial 
and gender disparities that exist in science and technology education, ranging from the socio-
economic challenges that are common to underrepresented students to the institutional barriers 
that exist within the primary and secondary levels of the U.S. education system, to issues of 
disproportionate access, institutional bias, and cultural inclusion in university environments.  By 
exploring the underrepresentation of black and brown students in STEM, we as an academic 
community can better assess the degrees to which each of these (and other) factors attribute to 
the lack of social inclusion in STEM learning.  Thus, the goal of this study is to not only explore 
diversity and equity in STEM through the context of educational access, participation, and 
equity, but to examine how the origins of what appear to be institutional and systemic 
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marginalization of black female students in these fields impact diversity, inclusion, and self-
efficacy in post-secondary environments as well. 
While preliminary examinations of the literature will investigate the conditions that 
inhibit racial equity and inclusion through the theoretical context of Critical Race Theory (CRT), 
a more comprehensive investigation will explore the disparities at the intersection of race and 
gender, specifically in how African American women are disproportionately underrepresented in 
STEM-related fields of primary, secondary, and post-secondary education.  Narrowing the 
context of the literature brings to light a range of theoretical assertions, most notably that the 
study of racial and gender disparities in science education must consider not only Critical Race 
Theory but adjacent social science philosophies as well, namely Critical Race Feminism (CRF) 
and Phenomenological Variant Ecological Systems Theory (PVEST).  Furthermore, through the 
lens of these aligned theories, the literature explains how and why culturally representative 
institutions, or Historically Black Colleges and Universities (HBCUs), are uniquely positioned to 
bolster access, participation, and racial inclusion in STEM learning.  Hence, the function of this 
study is to not only assess why African American female students are disproportionately 
underrepresented in science and technology-based learning environments but also to contribute 
to the academic investigation of the socio-economic and systemic conditions that exist at the 
intersectional experience of African American women and girls in STEM education. 
Theoretical Framework and Research Questions 
The articles and works reviewed in this study examine academic disparities in access, 
participation, engagement, and retention in STEM learning through the context of a shared 
theoretical framework called Critical Race Theory (CRT), a philosophy developed from the work 
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of renowned legal and academic scholar Derrick Bell.  One of Bell’s (1976) earliest works, 
“Serving two masters: Integration ideals and client interests in school desegregation,” examines 
the racial construct of the American education system post-Brown v. Board of Education and 
establishes a framework upon which the academic community would explore systemic racism 
and the social disenfranchisement of African American students.  Moreover, Bell’s 1992 book 
entitled “Faces at the bottom of the well,” which is one of the scholar’s most referenced works, 
explores the pervasion of racial injustice and systemic bias and the disproportionate impact these 
conditions have on the social experience of African American people.  Galloway (2012) 
summarizes Critical Race Theory as institutionalized bias based on race and cultural identity, 
suggesting that structural racism permeates and profoundly influences social justice, equity, 
diversity, self-efficacy, and inclusion throughout our society (Galloway, 2012).  Examining 
educational access through the social scientific lens of Critical Race Theory is in many ways 
critical to framing the relationship between racial disparities and social participation.  
Furthermore, the CRT model allows for the investigation of the structural and social conditions 
that are unique to the educational experience of people of color, which Galloway (2012) argues 
is vital to the examination of diversity in STEM, precisely because it allows for an assessment of 
the racial and social elements of our society that disproportionately affect African American and 
Latino persons pursuing opportunities in predominately white fields (pp. 2-3).  This study also 
explores the impact of supporting theories, namely Critical Race Feminism (CRF) and 
Phenomenological Variant Ecological Systems Theory (PVEST), which consider not only the 
social implications of racial bias but how structural inequality is compounded by a student’s 
gender and the mechanisms that shape their personal experiences, through the efficacies of their 
cultural ecology (Galloway, 2012; Morton & Parsons, 2018).   
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As Change the Equation (2015) asserts in the organization’s article entitled “Solving the 
diversity dilemma,” African Americans are underrepresented not only in science, engineering, 
and technology-based learning environments but in the professions responsible for innovating 
the systems and operational functions upon which our society is dependent.  Whether it be access 
to coding, robotics, or other fields of technology learning, development of the pedagogical 
systems that expand access to online education, or the systems that power the non-traditional or 
ubiquitous vocational training programs responsible for propelling aspirants into careers in 
STEM, the participation of marginalized populations of students is; as inferred by Winkle-
wagner & McCoy (2018), Kumar (2016), Hutton (2019), Jackson (2018), Jones (2010), and 
Coleman & Anjur (2019); a byproduct of conditions that are structural, socio-economic, and 
systemic. Thus, the primary and secondary research questions that arise in examining these 
conditions include the following: 
1. What are the leading causes of the apparent racial and gender disparities across science 
and technology fields of secondary and post-secondary education? 
2. In what way is the absence of diversity a magnification of the broader challenges of racial 
equity in tech-based learning environments and a consequence of structural, socio-
economic, systemic, and institutional factors unique to the African American experience? 
3. How do gender bias, institutional racism, and economic disparity impact access, 
participation, equity, and the efficacies of a student’s overall sense of belonging within 
science and technology-focused learning environments? 






The literature suggests that the disparities in representation in STEM-based learning 
disciplines are both social and structural; inferring that access, for instance, and the 
disproportionate level of participation amongst white and black students in science education is 
as much a consequence of the efficacies of a student’s environment (their family’s economic 
condition, ease of access to educational technology, sense of self-belonging, cultural 
representation in instruction and mentorship, etc.), as it is the functions of institutional 
inequality, manifested in the unique civil and social experience of African Americans (Jackson, 
2018; Kumar, 2016; Hutton, 2019; Coleman & Anjur, 2019; Galloway, 2012).  This reasoning is 
maintained when both race and gender are considered, as women and girls; specifically, African 
American women and girls; are among the most underrepresented and disenfranchised groups in 
STEM education (Young et al., 2017; Charleston et al., 2014; McGee & Bentley, 2017).  When 
viewed in the context of Critical Race Theory, Critical Race Feminism, and Phenomenological 
Variant Ecological Systems Theory, it can be argued that not only are the academic experiences 
of black women compounded by the intersectionality of their race and gender, but that aligning 
these students with culturally representative institutions, instructors, and peer communities are 
crucial to improving academic disparities and outcomes.  Therefore, drawing upon the social and 
institutional factors that influence African American female participation in STEM-based fields 
of education, one can hypothesize that the intersectionality of race and gender shapes the unique 
social experiences of black women in STEM; and as such, Historically Black Colleges and 
Universities, in comparison to their predominately white, flagship institutional counterparts, are 
uniquely positioned to provide black women and girls with learning opportunities that are 
comparatively more equitable and inclusive. 
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Research Methodology and Rationale 
As the peer-reviewed literature aims to explore the conditions that have seemingly 
inhibited the participation of black and brown students in STEM, a primary and more 
comprehensive examination of these conditions will contribute to the broader academic 
community’s understanding of the degree to which social and structural factors attribute to the 
lack of diversity in STEM concentrations.  Therefore, the research study consists of both 
quantitative and qualitative research instruments, which are applied sequentially.  The statistical 
and exploratory functions of the experiment inform the explanatory elements of the study.  The 
mixed-methods exercise, consisting of students and instructors from both a Historically Black 
College or University and a Predominately White Institution (PWI), is designed to assess not 
only the depth at which the assumed conditions of a student’s social experience impact access, 
participation, and self-efficacy at the primary and secondary levels, but the role that culturally 
representative institutions play in improving equity, engagement, and retention in technology 
education at the post-secondary level.  Considering the study’s deep reliance on the experiential 
elements of each subject’s connection to the topic, collecting quantitative data from 
undergraduate & graduate students as well as qualitative data from experienced administrators 
allows for a more extensive and inclusive investigation of the considerations believed to have 
influenced the underrepresentation of black women and girls in these academic fields.  Hence, 
implementing a sequential mixed-methods research design, in which the findings are interpreted 
via Descriptive Statistical and Thematic systems of analysis, is appropriate in determining (1) if 
the current state of diversity in STEM is an amplification of the absence of equity and inclusion 
across the spectrum of science and technology education, (2) if this disparity is a consequence of 
socio-economic, systemic, and institutional factors that are unique to African American female 
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student populations in the US, and (3) the affordances of cultural representation in institutional 
leadership, instruction, and peer academic communities.   
Research Implementation Plan 
Upon thorough examination of the literature and the broader academic community’s 
investigation of the social and racial disparities in the STEM-to-career pipeline, the sequential 
mixed-method research study was conducted via the instruments and tools described herein.  
Each of the coordinative, recruitment, interpretative, and determinative phases of the research 
study were performed in succession over a 40-day examination period, from February 1st, 2021 
to March 10th, 2021, with the guidance of two universities; one Historically Black College and 
University and one predominately white flagship institution.  These research exercises were 
designed to capture experiential data from at least 50 undergraduate/graduate students and two 
administrators/instructors of STEM-based learning disciplines, with representation from each 
institution.  The exploratory data captured during the quantitative exercises with students 
informed the qualitative interactions with administrators/instructors.  Hence, the interviews aided 
in interpreting the findings produced from the quantitative activity, as the descriptive study was 




CHAPTER 2: LITERATURE REVIEW 
Early Examinations of Technology Education 
In exploring peer-reviewed work on social equity in technology-based fields of learning, 
I discovered a literature review by Lisa Tsui (2007).  The author explores equity through the 
context of what she suggests are three distinct factors impacting diversity in science education, 
namely the cultural, structural, and institutional influences that either improve or hinder access 
and participation amongst minority student populations. The research considers a range of 
variables that sway the level of impact each factor has in determining the rate of sustained 
engagement of underrepresented groups of students (Tsui, 2007).  Provided is an excerpt from 
the article’s introduction: 
"The disproportionately low participation of African Americans, Native Americans, and 
Latinos in STEM fields is attributable to a number of factors, including barriers that are 
of a cultural (social expectations for different groups), structural (historical laws and 
regulations that barred the entry of minorities into education and employment), and 
institutional nature (discriminatory policies and practices). While societal transformations 
have reduced formal and legally sanctioned barriers, the lineage of accumulated deficit 
opportunities within a socially stratified society continues to exert its negative impact. 
For instance, student achievement in STEM is enhanced by educational advantages such 
as a rigorous mathematics and science high school curriculum, teachers with superior 
mathematics knowledge, access to equipment, and lab activities work (Campbell, Jolly, 
Hoey, & Perlman, 2002). However, educational access and quality continue to be related 
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to socioeconomic status (SES) and racial status (May & Chubin, 2003)” (Tsui, 2007, p. 
556). 
Tsui's (2007) examination of the social conditions that influence access and participation 
in STEM provides a framework for the research published thereafter; particularly Galloway 
(2012), Kandlhofer et al. (2016), and Coleman & Anjur (2019); not only as it relates to the 
subject of diversity in technology education but in terms of the theoretical context through which 
these conditions are studied (Tsui, 2007; Change the Equation, 2015).  Acknowledging the 
disadvantages that students of color experience due to the structural disparities in our society is 
paramount in identifying solutions to improving representation, retention, and outcomes amongst 
black and brown students in science education.  Many of the authors whose work is examined in 
this review; Shields (2010), Whitaker & Montgomery (2016), Kumar (2016), Hutton (2019), 
etc.; subscribe to similarly focused, overlapping research themes and interests, often agreeing on 
the context in which the subject of diversity is investigated, the role that access, institutional bias, 
and self-efficacy play in improving participation, and the impact that teachers, parents, and 
policymakers have in shaping the efficacies of a child’s perception of STEM education. 
Therefore, as one of the earliest publications reviewed in this collection of literature, beginning 
with Tsui’s review helps to establish a foundation for broader examinations of the topic. 
Social Disparities Along the Digital Divide 
The literature suggests that a student’s ability to access technology education and digital 
learning systems is perhaps the most significant barrier to equitable participation in STEM 
education, particularly within socially and economically disadvantaged communities (Resta & 
Laferrière, 2015; Hargittai & Hinnant, 2008).  Moreover, access is not only perhaps the most 
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critical factor to examine but is broad-ranging in that it consists of a number of considerations; 
from a student’s ability to engage with educational technology to the ease in which students 
access the internet, to the forms of media underrepresented students are exposed to given their 
often limited and unsupervised interaction with digital resources.  Resta & Laferrière (2015) 
investigate what is referred to broadly as the “digital divide” (p. 2) or rather the frequency upon 
which digital media is accessed across the social sphere.  According to their research, combatting 
the gaps that exist in the education system is contingent upon our society’s ability to make access 
to technology education more equitable; achieved through the integration of technology and 
transformative pedagogical methods within the classroom, by prioritizing access to educational 
technology via traditional and non-traditional systems beyond the classroom, and by “bridging 
the social and digital divide” as Weiss, Yates, & Gulati (2016) suggest through social 
interventions designed to improve engagement (Resta & Laferrière, 2015; Weiss, Yates, & 
Gulati, 2016, p. 3848). 
In a TEDx (2017) presentation by Jim Sevier; an entrepreneur, advocate, and experienced 
technologist; he not only discusses the social and economic factors causing digital inequities in 
our society; namely access and ease of use; but also examines how improvements to the 
computational literacies that power access and engagement to the internet can aid in bridging the 
consumption gap, therefore lessening the structural impact of the digital divide (TEDx, 2017).  
Sevier’s main point is that millions of people are being excluded from the benefits of 
participating in a technologically advanced society because of how disparities in literacy, 
knowledge and socio-economic capacity hinder access, digital connectivity, and ultimately 
representation.  Overcoming literacy and “technology skills gaps,” Sevier argues, is essential to 
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not only combatting the digital divide but to advancing the shared interest of making access to 
digital systems and knowledge more equitable (TEDx, 2017, 12:20). 
https://www.youtube.com/watch?v=fzokRz1pgb0 (TEDx, 2017). 
Resta & Laferrière’s (2015) research is similar in scope to Sevier’s TEDx (2017) lecture 
and an earlier study published by Hargittai & Hinnant (2008), which suggests that children from 
under-served and socially disadvantaged communities are less likely to have access to online or 
web-based learning opportunities (Hargittai & Hinnant, 2008, p. 604).  Hargittai & Hinnant’s 
inquiry revealed that the obstacles students of color face in terms of how they access digital 
resources are primarily caused by social and economic barriers, proclaiming that while educators 
are becoming increasingly reliant upon educational technology to power their learning 
environments, students often lack unconstrained access to the systems needed to engage in the 
learning process (p. 604).  Moreover, Hargittai & Hinnant were the first to suggest the existence 
of what they call the “second-level digital divide” (p. 605), which considers not only how digital 
resources are being used but the range of access and capacity being extended to underrepresented 
groups.  Essentially, through the second level, the scope of the author’s research widens to 
explore (1) how (and for what educational purposes) students use the internet and digital 
technology, and (2) whether access to the said resource is equitably disseminated (p. 605). The 
authors surmise that access to technology education impacts communities of color more severely 
than other student peer groups, a consequence perhaps of socio-economic challenges and the 
impact of structural and institutional disparities present in our broader society. 
Kandlhofer et al.’s (2016) work expanded upon both Hargittai & Hinnant’s (2008) and 
Resta & Laferrière’s (2015) research as the authors directed their studies to examine the actual 
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effectiveness of non-traditional, transformative pedagogical systems, which in turn highlights the 
disparities in access that limit participation amongst under-served communities of students, many 
of which are African American and Latino.  Kandlhofer et al. suggest that educational 
technology has not only improved how educators teach but has influenced what they teach, 
inferring that our society’s dependence on intelligent systems has made functional knowledge in 
science and technology fields imperative to our way of life (p. 1).  Deeper examinations of the 
Resta & Laferrière (2015) and Hargittai & Hinnant (2018) articles; specifically, through the 
context of Kandlhofer et al.’s study of how students from lesser socio-economic backgrounds 
engage digital resources and media differently than their more privileged counterparts; 
contributed mightily to the investigation of the impact that access and exposure can have on a 
student’s overall perception of STEM education. Thus, the literature points to the need for more 
in-depth investigations of the challenges students face in simply accessing the internet, computer 
systems, and online instruction, all of which are key in properly contextualizing the broader 
issues that hinder representation and inclusion in STEM learning environments.  
Barriers to Entry – Cultural Representation and Inequity 
As the literature suggests, studying the social elements of a student’s educational 
experience; whether it be the level of access given to digital systems or how course instruction 
and cultural representation influence participation; is essential to understanding the conditions at 
the center of the lack of diversity in STEM-fields of education.  Authors like Kandlhofer et al. 
(2016) would influence future studies that explored the interpersonal factors that impact a 
student’s ability, capacity, and desire to engage in technology education.  Jackson’s (2018) 
dissertation, for instance, argues that access and representation are not only crucial to improving 
student participation, engagement, and inclusion but are critical in reinforcing a student’s overall 
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perception of science and technology as a prospective educational and career path. The author 
infers that a student’s exposure to STEM learning, diverse pedagogical environments, and 
instructors whose cultural and social upbringing resembles their own helps sustain a child’s 
interest in STEM (Jackson, 2018, p. 1). This, Jackson imparts, is particularly true with regards to 
communities of color where the disproportionate underrepresentation of STEM professionals 
perpetuates a lack of interest from children within these communities, as the students’ perception 
of the field is tainted by the sheer absence of instructors and professionals who share their social 
and cultural experience (Jackson, 2018).   
In her TEDx (2018) Talk entitled “Mentorship in STEM for social change,” Amy Salter; 
an African American, Educational Psychology scholar and doctoral candidate at Georgia State 
University; examines how the absence of mentorship that is culturally representative of the 
student’s social experience hinders engagement and retention amongst underrepresented student-
groups in STEM education, specifically students of color, women, and those from economically 
disadvantaged backgrounds.  The central argument of Salter’s lecture is that student persistence 
and retention in STEM disciplines can be improved through consistent, effective, socially and 
ethnically representative mentorship, which would help increase diversity and academic 
outcomes amongst underrepresented populations of students (TEDx, 2018).  Hence, Salter’s 
presentation affirms Kandlhofer et al.’s (2016) and Jackson’s (2018) assertions regarding the 
impact that a student’s interpersonal experiences have on their desire to persists in fields of 
technology education, suggesting that mentorship is essential to improving cultural and social 
diversity in STEM. 
 https://www.youtube.com/watch?v=FwvVLt5ySrQ (TEDx, 2018).   
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Almost contemporaneous to Jackson’s (2018) study, Kumar (2016) and Hutton (2019) 
also explored the challenges of access and inclusion as it pertains to minority student 
participation but did so with specific regard to the impact that mentors and family members have 
on encouraging a child’s long-term interest in science, despite the lack of cultural representation 
in peer groups, instruction, and institutional leadership.  While Jackson’s (2018) research centers 
around the effect that diversity in policy and practice has on student retention, Kumar examined 
the power of interpersonal influence in education and investigated the role that parents play in 
promoting sustained awareness and engagement in technology education, specifically within 
international and domestic populations that are under-served.   
To summarize, Kumar (2016) investigates how parents and caregivers influence students’ 
perceptions of STEM education.  In researching this dynamic, the author discovers a critical 
condition impacting the rate of attrition or sustained interest in technology education in the U.S.  
Not only are the structural factors known to compound disparities in racial diversity in STEM 
(poverty, social disadvantages, geographical and environmental inequalities, institutional bias, 
etc.) most commonly associated with marginalized communities of students, but the impact of 
these factors seems to suppress African American and Latino participation more directly, even as 
the demographics of the U.S. become more culturally and racially diverse (Kumar, 2016). 
Essentially, the nation’s highest growing populations of students (Latinos and African 
Americans) are also the least represented groups in secondary and post-secondary science 
education, a result of what Hutton (2019) suggests is the need to improve a student’s “sense of 
belonging” (p. 16) which can only be achieved by establishing spaces where students of color 
can engage and connect with peers and instructors of similar social and cultural experience 
(Kumar, 2016, pp. 350-360; Hutton, 2019, p. 16).  Thus, Jackson’s (2018), Kumar’s, and 
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Hutton’s research all share mutual themes and maintain that for diversity to exists in science and 
technology education, students must both be encouraged by their families to explore the 
excitement of STEM learning and be inspired through their engagement with adults whose social 
and cultural experience is analogous to their own.   
Considering again Galloway’s (2012) framing of Critical Race Theory via Bell’s (1976) 
assertions regarding the systemic conditions that disproportionately influence racial and social 
representation in education, it can be argued that studying the institutional barriers to STEM 
learning requires a comprehensive examination of the variables affecting marginalized 
communities through a broader and more expansive viewpoint.  Estrada et al.’s (2016) work does 
so in a global context, suggesting that challenges of diversity at the secondary and university 
levels of STEM education coincide with income and class disparities; disproportions that often 
exist along racial lines, not only in the U.S. but globally.  The authors consider the 
“mechanization” (p. 6) and automation of industrial systems, which (as Kandlhofer et al. (2016) 
also argues) have accelerated the growing need for workers to acquire functional knowledge and 
proficiencies in coding, programming, modeling, project management, and computing 
disciplines.  Essentially, computational thinking skills and familiarity with operating systems 
have become general requirements.  Reflecting again on Kumar’s (2016) assessment of the 
decreasing rate of participation of minorities despite the shift in demographics, Estrada et al.’s 
argument brings to light an even more profound disparity, considering the disproportionate rate 
of access and participation amongst students of color in STEM-related educational and 
workforce preparedness environments.  Thus, Estrada et al.’s and Kumar’s research overlap in 
their investigation of not only the conditions impacting African American and Latino 
participation in STEM learning at the secondary to post-secondary levels but in how the absence 
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of diversity in these educational environments affects a student’s ability to advance into STEM-
related vocations.   
The STEM Pipeline – Examining Institutional Diversity Challenges 
Jackson (2018), Hutton (2019), Galloway (2012), and others have implied that the 
absence of diversity in the STEM sectors of our economy is in many ways a direct consequence 
of the systemic, exclusionary, and institutional marginalization of under-served populations of 
students, specifically on the basis of race and class.  Hence, while awareness, interest, family 
encouragement, and effective mentorship influence student participation and outcomes 
(particularly amongst underrepresented groups), diversity and representation in STEM must be 
examined through the context of a student’s entire journey in the academic discipline.  As Resta 
& Laferrière (2015), Weiss, Yates, & Gulati (2016), and others have examined how the gaps in 
digital access influence a student’s capacity at the introductory stages of their education in 
STEM, Coleman & Anjur (2019) observed the disenfranchisement of culturally, socially, and 
economically disadvantaged students in secondary and post-secondary education.  In 
“Diversifying the STEM education-to-career pathway,” Coleman & Anjur determined that equity 
and racial inclusion in technology education can be achieved by improving institutional and 
instructor representation along the educational pipeline (pp. 1-2).  Cultural association, as Hutton 
(2019) argues, is essential in challenging the conditions that hinder student diversity, perhaps 
even more so in secondary institutions that specialize in STEM disciplines and 
undergraduate/graduate-level programs where African American and Latino students are 
disproportionately underrepresented.  Therefore, exploring how policies and systems influence 
racial disparities in high school and college is vital to examining racial equity in science-ed. 
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The literature reveals a range of challenges at the secondary and university levels.  First, 
Jones (2010) assesses student diversity in residential high school institutions within the North 
Carolina School of Science and Mathematics (NCSSM) system of advanced, STEM-focused 
institutions.  The NC School of Science and Mathematics is a leading member of the National 
Consortium of Secondary Stem Schools of Mathematics, Science, and Technology 
(NCSSSMST), a system that stretches across the US and (at the time of Jones’ publication) 
consists of 16-institutions, each with diversity policies that consider its state’s racial composition 
to determine if its record of admissions is culturally proportionate to the makeup of the state’s 
overall general population.  While promising, in theory, Jones discovered that the vast majority 
of schools reported enrollment amongst Latino and African American students at rates far below 
the state’s percentage population for those groups (p. 32). In the case of the system’s South 
Carolina STEM school, for instance, only 8% of black students were enrolled, though African 
Americans represent 30% of the state’s population (p. 32).  
There were also more general issues of enrollment that impacted diversity, namely: 
1. The overall cost of attendance (which, due to the system’s financial aid policy, 
occasionally requires that parents pay out-of-pocket costs for enrollment, housing, etc.); 
2. The residency element of the program requiring (in most cases) that students relocate to 
the NCSSSMST campus; and 
3. The stringent design of the school’s curriculum, which restricts arts, athletics, ROTC, and 
other extracurricular activities (Jones, 2010, pp. 34-35). 
 
20 
The implication of Jones’ (2010) research is that consideration must be given to the 
structural and institutional conditions that have a bearing on the rate of participation amongst 
student communities of color, considering both the social and economic dynamics that impact 
enrollment in STEM-focused residential schools.  However, issues of access, cultural 
representation, and inclusionary enrollment policies are not limited to high school environments, 
as they also extend to undergraduate and graduate levels of education.  In Winkle-Wagner & 
McCoy’s (2018) study on the varying experiences of minority students pursuing degrees in 
STEM fields of education on predominately white college campuses, the authors examine 
diversity in STEM through the context of student and faculty experiences at Historically Black 
Colleges or Universities (HBCUs) and Predominately White Institutions (PWIs).  Qualitative 
findings captured from the authors’ research suggest that students of color pursuing degrees in 
STEM at PWIs express feeling unwelcomed, alienated, and excluded from opportunities that 
could advance their academic and career interests in science and technology industries (Winkle-
Wagner & McCoy, 2018, p. 593). This, they argue, is due (in part) to not only the absence of the 
kinds of inclusionary policies that would make students feel more socially and academically 
connected to the university, but the lack of minority administrators, staff, and instructors in 
STEM disciplines (Winkle-Wagner & McCoy, 2018).  Winkle-Wagner & McCoy’s findings 
draw comparisons to Hutton’s (2016) research argument regarding the importance of having 
mentors and instructors of color along the entirety of a minority student’s academic journey, 
which Hutton suggests is paramount to their ability to succeed in industries in which they are 
severely underrepresented.  
To this end, achieving diversity requires public and private intervention.  In a 2014 
interview, the then President of the Thurgood Marshall College Foundation (TMCF) explains the 
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importance of connecting HBCU graduates with career opportunities in STEM.  As a support 
agent to nearly 50 HBCU member institutions, TMCF provides students of color with leadership 
training, executive networking, and job placement services as part of a platform designed to 
propel aspirants forward in their pursuit of career opportunities in STEM fields.  His main point 
is to highlight how HBCUs, in coordination with and their institutional partners, work together to 
make the STEM-to-career pipeline more diverse by equipping talented, underrepresented 
students with the tools to be successful in their transition into the STEM workforce.  
https://www.youtube.com/watch?v=dzojiEGTyXk (Thurgood Marshall College Fund, 
2014). 
As is the case more broadly in science education, the makeup of NCSSSMST students 
and PWI students majoring in STEM tend to be disproportionately white and male, despite 
(again, as Kumar (2016) references) the changes in national demographics (Jones, 2010; Winkle-
Wagner & McCoy, 2018).  Conversely, Winkle-Wagner & McCoy’s (2018) study finds that 
HBCU campuses statistically have produced a higher number of culturally diverse graduating 
classes at the undergraduate and graduate levels, despite having smaller enrollment.  Minority 
students found these environments to be more accepting, and while; as Jones (2016) asserts; PWI 
diversity models like Graduate School Preparation Programs (GSPPs) have aided in making 
some graduate environments more diverse and socially immersive, Graduate Program Leaders 
(or GPLs) and administrators must be committed to the long-term effort of improving best-





The Intersection of Critical Race Theory and Public Policy Intervention 
A range of peer-reviewed works have contributed to the examination of interventionist 
policies promoting equity and diversity in STEM education.  Galloway’s (2012) use of Bell’s 
(1992) conclusions on social justice and Critical Race Theory (CRT) contends that institutions be 
proactive in not only dismantling the systems that hamper racial diversity and inclusion but be 
intentional in the development of strategies that will combat the declining rates of immersion 
amongst African American and Latino students, particularly in STEM-based fields and as the 
nation becomes more diverse in its cultural makeup (Galloway, 2012; Kumar, 2016).  Whitaker 
& Montgomery’s (2014) research also examines representation and diversity through the context 
of social philosophy.  The authors propose that to achieve institutional transformation, it is 
incumbent that administrators and leaders commit to making learning environments more 
welcoming and equitable, particularly for disenfranchised and underrepresented populations of 
students (Whitaker & Montgomery, 2014).  Whitaker & Montgomery suggest that an 
institution’s duty to equity and inclusion requires a level of awareness commensurate with the 
size of the issue itself, asserting that educational systems need not only reassess how they offer 
support to students but how they quantify academic success, as performance outcomes also act as 
structural barriers to social diversity (p. 266).  Despite the varying degrees in which institutions 
have independently assessed student success, the literature infers that institutions must evaluate 
their approach to developing and implementing diversity policy by measuring (1) access, (2) 
participation, and (3) retention along a student’s pathway into their aspired career field (p. 267).  
Acknowledging the need for institutions and leaders to prioritize equity is the hallmark of 
Shield’s (2010) article on contextualizing the demand for inclusion and diversity through 
transformative action and leadership.  Shields argues that we must acknowledge the connections 
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between educational equity and broader socio-economic issues, namely social justice and 
equality (Shields, 2010, p. 559).  Therefore, similar to Whitaker & Montgomery’s work and 
Jones’s (2016) examination of graduate program leaders (GPLs), the literature suggests that for 
universities and institutions of higher learning (which includes vocational training environments) 
to enact more inclusive policies, institutions, and their leaders must be proactive in implementing 
the kinds of policies that will positively influence academic and social outcomes for 
marginalized student populations. 
Lastly, expanding upon Shield’s (2010) line of reasoning regarding the importance of 
leadership, justice, and social equity, it is also worth noting that the disparities in access amidst 
changing social demographics have inspired the passing of racial and gender diversity legislation 
in the 116th United States Congress.  The bill, entitled the “Building Blocks of STEM Act,” is 
designed to make access to STEM education more equitable at the primary and high school 
levels.  Sponsored by Nevada Democratic Senator Janet Rosen (2019) (and co-sponsored by 
Senators Shelley Moore-Capito (R-WV), Brian Schatz (D-HI), Catherine Cortez-Masto (D-NV), 
and Deb Fischer (R-NE)), the bipartisan legislation commits to increasing investments in science 
education at the early childhood, elementary, and middle school levels, using the National 
Science Foundation’s “Discovery Research PreK-12” program as an instrument to accelerate 
access and participation in socially disadvantaged communities (Rosen, 2019).  
Below is a video of Michigan Representative Haley Stevens’ endorsement of the STEM 
Act on the floor of the U.S. Congress.  The Congresswoman addresses the impact the bill could 
have, not merely in terms of improving social equity through expanded access to learning 
opportunities in technology education but concerning gender inclusion as well, as young women 
are severely underrepresented in STEM fields of education and work.  The Congresswoman’s 
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speech contextualizes the need for institutional interventions to improve diversity and calls for 
broader examinations of the social disparities in STEM learning along gender lines, which will 
be explored more deeply in the sections to follow.  
https://www.youtube.com/watch?v=aV6kBmPA_EQ (Stevens, 2019). 
Broader Considerations – Gender, Geography, and Workforce Representation 
As mentioned, our society’s reliance on intelligent systems and product innovation has 
helped create new, ground-breaking career pathways for those with access to learning 
opportunities in these disciplines (Coleman & Anjur, 2019).  Considering the potential economic 
windfall associated with careers in STEM sectors, examining diversity and inclusion in science 
and technology education are not only timely but critical.  Therefore, it benefits the field of 
research to investigate how the disparities explored previously increase when other social 
variables are considered.  For instance, African American and Latino women are among the most 
underrepresented groups in STEM, per a 2016 Fact Sheet published by the White House 
Initiative on Educational Excellence for African Americans (Fact Sheet, 2016).  While women 
accounted for over 50% of all bachelor degrees earned at the time of the study (Charleston et al. 
2014), the report determined that only 11.2% of bachelor’s degrees, 8.2% of master’s degrees, 
and 4.1% of doctorate degrees in science and engineering disciplines were awarded to black and 
brown women (Fact Sheet, 2016).  Moreover, the study declares that although women earn more 
than half of all undergraduate degrees awarded in the biological sciences, “they receive far fewer 
degrees in computer sciences (17.9%), engineering (19.3%)… and mathematics (43.1%)” (Fact 
Sheet, 2016).  At the intersection of equity and post-secondary education, Christie et al.’s (2017) 
article assesses gender representation in technology-based disciplines of higher learning.  The 
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writers suggest that the lack of gender diversity is not only a direct consequence of inadequate 
enrollment in STEM-related secondary and post-secondary programs (as examined by Jones, 
2010 and Winkle-Wagner & McCoy, 2018), but of the marginalization of women in “the 
academic, recruitment, and executive levels of the career track” (Christie et al., 2017, pp. 2-3).  
The case of gender bias is also examined by Sardelis, Oester, & Liboiron (2017), whose work 
focused specifically on gender inequality in science and technology conferences.  In summary, 
Sardelis, Oester, & Liboiron’s research suggests that women generally have been limited in their 
opportunities to showcase their work within professional societies, which are made up 
predominately of white men.  Restricting access to opportunities to generate relationships 
amongst peers and fellow researchers, with whom networking could spur collaboration, has 
made excelling in these fields increasingly more difficult for women, especially women of color 
(p. 231).  The absence of sufficient gender diversity at the executive levels of the technology 
industry is attributable in part to issues of impartiality and bias that have prevented women from 
advancing at a pace commensurate to their male contemporaries (Sardelis, Oester, & Liboiron, 
2017).  Thus, examining exclusionary practices along racial and gender lines, the literature 
informs, is imperative to understanding the conditions that influence diversity and representation 
across the technology industry. 
Reflecting again on Hargittai and Hinnant’s (2008) study of how economics and social 
affluence determine access to online or web-based learning, others have examined how 
geography and economic privilege influence public access to educational technology.  As shared 
in Neuman and Celano’s 2012 book “Giving our children a fighting chance;” published a few 
years before Resta and Laferrière’s (2015) exploration of the digital divide; the author’s 
conducted a 10-year qualitative and ethnographic study to examine the varying learning 
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experiences of youth from both affluent and impoverished communities in Philadelphia, 
Pennsylvania.  The book speaks explicitly to the accessibility of public resources and innovative 
forms of education; considering both access to technology education and actual participation in 
learning opportunities in science-based fields; and how the socio-economic conditions of a 
child’s community can impact his or her ability to thrive socially and academically (Neuman & 
Celano, 2012).  The findings suggest that children from under-served communities are more 
likely to (1) be minorities (specifically black or brown), (2) come from families who live below 
the national poverty level, and (3) (in comparison to their crosstown mostly white peers) less 
likely to perform as well in academic environments (in part) as a consequence of the disparities 
that exist within their social and environmental experience (Neuman & Celano, 2012, pp. 15-17).  
Christie et al.’s (2017) and Neuman & Celano’s (2012) work is strengthened by Sardelis, 
Oester, and Liboiron’s (2017) and Resta & Laferrière’s (2015) writings, respectively, as they 
draw upon the relationship between the availability of learning opportunities and the socio-
economic conditions of one’s community.  Therefore, we can gather from these studies that 
investigating diversity in STEM requires that researchers cast a wide net.  Doing so helps 
academic communities better understand how disparities in access are often compounded by 
gender, economic, geographical, and community-related conditions, which are often 





Limitations and Gaps in the Preliminary Research 
Despite the range of contributions these authors have made in examining the social 
disparities that exist in STEM education, there are limitations to the research as it is presented.  
First, although Resta & Laferrière’s (2015) work explains how the digital divide and a student’s 
inability to access educational technology impacts their participation in STEM learning, some 
could argue that a deeper investigation is needed to determine if these conditions 
disproportionately impact African American and Latino populations more intensely in 
comparison to their white peers.  As access to digital technology and the internet are 
prerequisites for all forms of STEM learning, additional research would resolve whether this 
specific barrier to access is fueled by socio-economic disparities that disproportionately affect 
minority communities of students, if the divide impacts students (particularly under-served 
students of all races) equally, or if other factors such as geographical location, student interest, 
etc. are found to have a more substantial influence on access and participation than social and 
economic factors. The question of engagement also presents a potential counterargument to 
Hargittai & Hinnant’s (2008) research, which suggests that students of color are less likely to be 
exposed to online and web-based education as a direct consequence of structural and social 
conditions that marginalize communities of color.  Though, as the Neuman & Celano (2012) 
book examines, geography and social affluence contribute to these disparities, to what degree 
each factor affects the underrepresentation of minority students today, particularly given the fact 
that the Hargittai & Hinnant’s article was published in 2008, some could argue is indistinct.   
Expanding on the social gaps in the literature, Galloway’s (2012) research would 
challenge that Winkle-wagner & McCoy’s (2018) assertions regarding the experiences of 
minority students in state-funded high schools and PWIs are incomplete.  Despite the 
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inadequacies of inclusionary policies at many PWIs, the literature does not examine the 
structural and institutional advantages that state, flagship PWIs may have in comparison to their 
HBCUs counterparts, which could include (but are not limited to) (1) public and private funding, 
(2) research opportunities, (3) the extensiveness of the university’s course offerings and 
concentrations, and (4) the socio-economic capacity of a university’s alumni network, 
specifically in relation to the student-to-employee pipeline.  Furthermore, as HBCUs are 
considered more inclusive and welcoming to minority students, the literature could have 
benefited from an examination of how to improve the stature of HBCUs in STEM fields, 
considering the range of social gains these institutions offer minority students in contrast to 
PWIs.  Furthermore (and with respect to institutional representation), though Hutton’s (2016) 
journal argues that mentorship from instructors whose cultural experience is similar to that of 
their students helps to sustain a young person’s interest in STEM, the literature doesn’t fully 
explore the root causes of the apparent lack of mentors of color in science and technology 
education, nor how the student-mentor relationship can be improved where such a cultural 
alignment isn’t available. Specific solutions to strengthen institutional and instructional 
representation are absent, limiting the soundness of the respective arguments. 
From an economic perspective, Estrada et al.’s (2016) study determined that a lack of 
educational diversity aided in widening wage and income disparities between white and minority 
STEM professionals.  However, the article does not address how institutionalized social 
inequality and professional bias impact worker placement and vertical advancement in the 
technology sector, which would require further research on the industry at large.  Also, in terms 
of the intersections of race and gender at the post-secondary level expressed in Sardelis, Oester, 
& Liboiron’s (2017) article, it can be argued that the author could have provided more context 
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concerning the conditions preceding the networking stage of the career development process, and 
how or if engagement at this stage attributes to the absence of female representation in scientific 
conferences, which would then influence the lack of gender diversity in these spaces.  The article 
could have been strengthened by a more profound, broader study of the experiential conditions 
that impact female participation in STEM, namely the educational, social, interdisciplinary, 
environmental, and recruiting factors that are the primary cause of the industry’s cultural 
makeup.  Lastly, though Sardelis, Oester, & Liboiron consider the socio-economic challenges 
faced by some underrepresented communities, the connections between race (the central theme 
of the literature review) and gender are absent as the work does not speak specifically to the 
experience of African American or Latino women.  Hence, while all the works are compelling, 
particularly when paired with other writings, each has limitations with respect to the subject of 
diversity, inclusion, and equity in STEM. 
Summary of the Preliminary Research 
From a research perspective, the goal of this literature review is to not only explore the 
topic of racial diversity and inclusion in the context of educational preparedness but to 
understand better the origins of what appears to be the systemic disenfranchisement of African 
American students in these specific fields of endeavor.  As standalone examinations of the kinds 
of social and economic conditions that could affect diversity in technology education, each 
publication has contributed to broader investigations of the underrepresentation of black and 
brown students in technology fields of learning.  The investigative research examined herein aids 
us in better understanding why the educational and training pipeline into the fastest growing 
sectors of the U.S. economy are disproportionately male and Caucasian; a condition that Kumar 
(2016), Hutton (2018), and Jackson (2018) have argued is a direct consequence of the sustained 
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rate of underrepresentation of minority and female students in primary, secondary, and post-
secondary levels of STEM education.  However, as a collection, these works reveal the 
connections between a range of factors that perpetuate the marginalization of minority students 
in not only STEM education but in the technology-based industries that power the U.S.’s modern 
economy.  
The lack of minority participation in academic and workforce-related disciplines suggests 
the influence of institutional, social, and even structural conditions that hinder diversity in fields 
that are not only growing in labor need and industrial popularity but are revolutionizing the 
traditional functions of our daily lives.  Also, examining equity and inclusion in STEM education 
is essential to contextualizing the importance of cultural representation in technology fields, 
particularly as our global economy becomes increasingly more reliant upon these systems of 
innovation.  Thus, further evaluating this topic through the examination of peer-reviewed works 
aids in assessing how the absence of diversity at the secondary and post-secondary levels of our 
education system has created disparities in the social experience of a community whose access 
and participation has been and continues to be limited. 
Narrowing the Research Themes and the Preliminary Research Questions 
As was examined previously in works centered around broader investigations of 
conditions inhibiting diversity in STEM, the literature suggests that the underrepresentation of 
African Americans and Latinos in science and technology fields of education can be attributed to 
a range of institutional, social, and structural conditions that have contributed to the 
disproportionate level of access and participation amongst these populations of students in 
comparison to their white, male peers and counterparts (Estrada et al., 2016; Hutton, 2019; 
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McGee & Bentley, 2017).  While Christie et al.’s (2017) investigation suggest that there are 
gender disparities within these learning environments; inferring that women are often 
disenfranchised and excluded from secondary, university, and career-based learning 
opportunities in STEM; Charleston et al. (2014) and Ireland et al.’s (2018) research suggests that 
disparities in representation are highest amongst black women, whose social experience is 
compounded by the intersectionality of racial discrimination and gender bias.  Although these 
factors were assessed separately through the review of works by Coleman & Anjur (2019), 
Sardelis, Oester, and Liboiron’s (2017), and the White House’s 2016 Fact Sheet on the Initiative 
on Educational Excellence for African Americans, examining diversity in technology education 
through the context of cultural identity and social agency allows for the study of a deeper and 
more concentrated research theme.  Chief among these subjects is the investigation of equity 
within the framework of Critical Race Theory (CRT) and other social justice philosophies, where 
institutional and structural fairness is measured as a function of our society’s ability to apply 
social science theory to understand better the conditions that disproportionately impact 
marginalized communities of students, specifically African American women.  From this 
vantage, the subject of the original research narrows, centering on an examination of the 
following questions: 
1. Bearing in mind how Critical Race Theory was used to assess the broad theoretical study 
of racial diversity in STEM, how do adjunct social justice philosophies like Critical Race 
Feminism (CRT) and Phenomenological Variant Ecological Systems Theory (PVEST) 
influence the framework through which social equity, inclusion, agency, and efficacy are 




2. Considering the gaps and limitations assessed in the preliminary research, should the 
underrepresentation of black women in academic and vocational fields of STEM 
education be examined as a condition of socio-economic, systemic, and institutional 
factors that are unique to the intersectionality of African American women’s social 
experience in the US, rather than merely as an amplification of the general lack of 
cultural and social diversity throughout tech-based disciplines? 
3. And lastly, in what ways are culturally representative and diverse institutions of higher 
learning, namely Historically Black Colleges and Universities (HBCUs), contributing to 
the improvement of equity, access, and participation within technology-focused learning 
disciplines, thus helping to close the social and racial intervals that exist in STEM (Leath 
& Chavous, 2018)? 
Whereas the previously reviewed works examined cultural diversity in STEM education 
through the context of the social disparities that impact access and participation amongst African 
American and Latino students, a more intensive investigation of the conditions that perpetuate 
cultural and social underrepresentation offers insight into an even more profound disparity; one 
that not only considers race and gender but the structural and institutional systems that 
disproportionately impact marginalized communities.  Locket, Gasman, & Nguyen (2018) 
suggest that African American women's experience in STEM must be assessed at the cross-
section of racial bias and gender equity.  Thus, the literature reviewed in the subsequent sections 
not only evaluates the social conditions that impede the rate of participation amongst black 
women in science education but aims to determine how these conditions are unique to the social 
and cultural experience of African American women, thus emphasizing the critical role 
historically black institutions play in advancing diversity and inclusion in STEM learning. 
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Examining Critical Race Theory Through the Context of Critical Race Feminism 
The academic works compiled herein not only examine the institutional conditions that 
have inhibited racial and gender diversity in STEM education (Christie et al., 2017; Ireland et al., 
2018) but; through the lens of Bell’s (1976) introduction of Critical Race Theory and other social 
justice philosophies; reflects on the effectiveness of systems designed to make access and 
participation more equitable (Galloway, 2012; Rosa & Mensah, 2016).  It can be argued that 
understanding the relationship between the conditional factors impacting disparities and the 
pedagogical outcomes amongst black women requires an investigation of a range of social 
science concepts, particularly those by Locket, Gasman, & Nguyen (2018), Leath & Chavous 
(2018), and others whose academic contributions are not only grounded in the study of race, 
feminism, and social agency, but in the exploration of institutional pathways that lead to more 
inclusive policies and systems.  For that reason, examining racial and gender diversity through a 
more comprehensive theoretical framework aids in establishing the philosophical underpinnings 
upon which more extensive examinations of the topic can occur.  According to the literature, the 
disparities in access to (as well as participation in) science and technology education 
disproportionately impact African American students, in part because of socio-economic 
conditions that are systemic, wide-ranging, structural, and historically entrenched in the fabric of 
our national institutions (Hargittai & Hinnant, 2008; Resta & Laferrière, 2015; Weiss, Yates, & 
Gulati, 2016).  However, a more concentrated examination of these conditions would reveal 
parallel inequities along gender lines, the marginalization of minority-female communities of 
students who are dually impacted by disparities at the juncture of their gender identity and 
African American experience (Rosa & Mensah, 2016).  Therefore, the literature reviewed in this 
section petitions that the communities of thought that are invested in exploring diversity and 
 
34 
equity in STEM begin with a commitment to do so through the lens of social philosophy, namely 
Critical Race Theory, Critical Race Feminism, and Phenomenological Variant Ecological 
Systems Theory (Galloway, 2012; Morton & Parsons, 2018).   
As mentioned previously, Galloway’s (2012) interpretation of the central themes of 
Bell’s (1992) critical race philosophy suggests that systemic bias based on race, cultural identity, 
and socio-economic standing has institutionally underwritten the practices that restrict equity and 
diversity in systems across the world; which has had, and continues to have, a profound 
influence on the social, economic, and academic outcomes of not only African Americans but of 
underserved minority populations internationally (Bell, 1992; Galloway, 2012; Estrada et al., 
2016).  Critical Race Feminism (CRF), on the other hand, as defined by Evans-Winters & 
Esposito (2010), is a theoretical extension of Critical Race Theory.  Whereas the tenets of 
Critical Race Theory consider the consequences of racial bias and the societal functions that 
inhibit racial equity and inclusion, Critical Race Feminism is used as a framework for examining 
the conditions of those whose educational experience is exacerbated by gender disparities, 
particularly African American women for whom the authors imply the philosophy provides 
“legal and academic stratagem for studying and eradicating race, class, and gender oppression in 
educational institutions” (p. 19).  Applying Critical Race Theory, Critical Race Feminism, and 
other adjacent social science doctrines to appraise the impact that systemic bias has had on 
access and participation amongst African American female students is essential to framing the 
relationship between cultural representation and gender disparity (Galloway, 2012).  Galloway’s 
application of CRT not only highlights a range of factors that are believed to have contributed to 
the immensity of the disparities affecting black student participation in science education; from 
economic inequality to issues of social injustice; but does so with consideration of how these 
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conditions are compounded when a student’s gender is taken into account.  When referring to 
black women’s experience in STEM, Galloway suggests that “African American women… dwell 
within matrices of domination that perpetuate subjugation” (p. 2), inferring to the overtness in 
which racial bias and gender discrimination are used to marginalize women of color, particularly 
in science and technology-powered industries where they are severely underrepresented (Tsui, 
2007; Change the Equation, 2015; Fact Sheet, 2016).   
Combatting social bias, and what Evans-Winters & Esposito (2010) describe as systems 
dominant ideology and social meritocracy, requires the sustained intervention of public and 
private institutions committed to promoting racial and gender equity in STEM learning.  One 
such platform, the National Assessment Governing Board (NAGB), offers underrepresented 
communities of girls with access to educational opportunities designed to introduce marginalized 
communities of students, particularly young ladies of color, to the sheer excitement of STEM 
learning (National Assessment Governing Board, 2017).  In a video featuring Dr. Tonya 
Matthews, Board Member of the NAGB and President & CEO of the Michigan Science Center 
of Detroit, she discusses both the challenge of social diversity in STEM and the importance of 
advancing gender equity in the educational career fields of tomorrow.  Dr. Matthews asserts that 
the underrepresentation of African American girls in STEM is (in part) a byproduct of racial and 
gender disparities in academic exposure to technology education, as well as the absence of 
mentors and role models to help young ladies “see themselves” in science careers (National 
Assessment Governing Board, 2017).  The video brings attention to the compounding effects of 
racial and gender disenfranchisement and its disproportionate impact on women of color. 




Like Dr. Matthews, Kumar’s (2016), Whitaker & Montgomery’s (2016), Jackson’s 
(2018), and Hutton’s (2019) research suggest that the current state of diversity and inclusion in 
STEM is in part a consequence of factors that are institutional, pedagogical, and interpersonal.  
More specifically, their research revealed that retention is often the byproduct of several factors; 
from the underrepresentation of minorities in positions of institutional leadership and instruction 
to how poverty and environmental challenges influence students’ personal belief and sustained 
interest (Jackson, 2018, p. 1; Hutton, 2019, p. 16; Kumar, 2016, p. 350).  The literature asserts 
the imperativeness of addressing diversity through the context of social and racial philosophy, as 
disparities in academic participation, particularly along racial or gender lines, have often 
intersected with disproportionate institutional access (Galloway, 2012).  Critical Race Feminism, 
therefore; when applied as an adjunct, supporting method to Critical Race Theory; provides the 
context for explaining how institutional partiality affects the academic outcomes of black women 
across the secondary, postsecondary, and vocational pedagogical spectrum; effects that the 
preliminary literature suggests are a consequence of disparate engagement, hiring, and 
professional advancement in science and engineering fields (Coleman & Anjur, 2016).   
Phenomenological Variant Ecological Systems Theory and Self-Efficacy in STEM 
While Kumar’s (2016) and Hutton’s (2019) examinations of access, participation, and 
social efficacy are essential in explaining the relationship between cultural representation and 
institutional fairness, it can be argued that expanding the research outlook to include parallel 
theories allows for a more in-depth investigation of the structural and social conditions that are 
unique to the experience of African American women in STEM.  As was suggested, Critical 
Race Feminism is essential to the ongoing study of diversity in STEM because it 
comprehensively assesses the racial, gender, and systemic elements that disproportionately affect 
 
37 
black and brown women pursuing academic and professional endeavors in fields that are 
predominately white and male-dominated (Galloway, 2012; Fact Sheet, 2016).  Correspondingly, 
examining the literature through the lens of Phenomenological Variant Ecological Systems 
Theory aids in addressing one of the shared themes of the literature, which is to explore how 
cultural agency and self-efficacy affect the overall rate of diversity in STEM (Shields, 2010; 
Whitaker & Montgomery, 2016).  Through the tenors of its sister theories; Critical Race Theory 
and Critical Race Feminism; Phenomenological Variant Ecological Systems Theory provides a 
structure for exploring the interpersonal factors that influence student retention, like a student’s 
self-perception of their performance or his/her desire to pursue technology education as a long-
term interest (Jackson, 2008).  Thus, stretching the range of Galloway’s (2012) use of Bell’s 
(1976) Critical Race Theory to include Morton & Parsons’ (2018) assessment of the 
interpersonal elements of PVEST allows for a full investigation of the structural conditions 
unique to the educational experience of black women.   
Morton & Parsons focus specifically on African American women's relational experience 
in undergraduate STEM learning environments and investigates how the intersectionality of 
gender and race affects engagement, retention, and matriculation in science education.  The 
author’s methodology is powered by Spencer’s (2006) introduction of PVEST, which the author 
states is designed to “study the influence and outcomes of identifying experiences and 
characteristics” of a student’s overall perception of their environment, as well as the behavioral 
responses caused by the conditions of their environment (Morton & Parsons, 2018, p. 1368).  As 
is the case with Charleston et al.’s (2014) and Mullins’ (2018) investigations of the interpersonal 
motivations that spur the sustained interest of black women in STEM disciplines, PVEST 
considers the impact that “meaning-making processes,” self-actualization, “self-appraisal,” and 
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cultural ecology have on a student’s perception of their personal experiences, and incorporates 
phenomenology (or consciousness) to assess the degree in which the social, institutional, 
structural, and historical conditions of a student’s environment influences their awareness of who 
they are, and what they can become (Morton & Parsons, 2018, pp. 1367-1368).  PVEST consists 
of five bidirectional factors: 
1. Net Vulnerability, which assesses an individual’s interpretation of how the social 
variables that they are (a) born with, (b) acquire, or (c) choose, are perceived in broader 
society;  
2. Stress Engagements or the rate of support one receives as a measure of their personal 
experiences; 
3. Reactive Coping Mechanisms, which are the behavioral outcomes of stress engagement; 
4. Emergent Identities, or the recurrent, positive, and negative efficacies that are developed 
as a consequence of stress-related coping methods; and lastly, 
5. Life-Stage Outcomes, resulting from the process of examining, engaging, reacting, and 
responding to one’s vulnerabilities (Morton & Parsons, 2018, pp. 1368-1370). 
As is the case with Galloway’s (2012) application of Critical Race Theory and Evans-
Winters & Esposito’s (2010) defined function of Critical Race Feminism, the science of PVEST, 
cultural agency, and (as Hutton’s (2019) research established) the study of a student’s “sense of 
belonging” (p. 16), are vital to understanding not only the uniqueness of the social experience of 
African American women as an underrepresented group but the factors that influence the 
phenomenological elements of their academic journey (Hutton, 2019).  Provided is Figure 1, 
which is an exhibit from Morton & Parson’s 2018 article “#BlackGirlMagic: The Identity 
Conceptualization of Black Women in Undergraduate STEM Education,” demonstrating the 
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theoretical components of the Phenomenological Variant Ecological Systems Theory framework 
(p. 1368).  The image displays not only the bidirectional and cyclical alignment of the five 
factors but illustrates the scale in which these factors influence (what the authors call) “the 
intersecting archetype of salient identities (and) an individual’s perceived, understood, and lived 
experience, along with heir subsequent identity embodiment and outcome” (p. 1368), from micro 
to macro values.  
 
Figure 1. Conceptual Model of Phenomenological Variant Ecological Systems Theory 
Note. The image is adapted from p. 1368 of the 2018 article: “#BlackGirlMagic: The 
Identity Conceptualization of Black Women in Undergraduate STEM Education” by T.R. 
Morton & E.C. Parsons, E. C., 2018: Science Education, 102(6).  
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Together, Critical Race Theory, Critical Race Feminism, and Phenomenological Variant 
Ecological Systems Theory aid in contextualizing the uniqueness of the educational experience 
of African American women, considering how racial and gender identity operate as conduits for 
the promotion or hindrance of equity, access, and self-efficacy (Morton & Parsons, 2018 p. 
1366).  The relationship between these theories; as illustrated by (1) Galloway’s (2012) 
reframing of CRT (with consideration of Bell’s (1976) construction of the philosophy as a 
foundational science for examining racial equity and cultural representation), (2) the context 
through which the author applies CRF as a parallel theory to consider the impact of gender 
disparity, and (3) Morton & Parsons’ (2018) use of PVEST to investigate the interpersonal 
factors that influence self-belief and social agency amongst African American women; provides 
researchers with a more comprehensive, philosophical framework upon which racial and gender 
diversity, institutional fairness, and social representation can be examined.  Hence, it is through 
the perspective of these adjoined philosophies that the literature explores not only the conditions 
that hinder racial and gender inclusion in STEM fields but examines how Historically Black 
Colleges and Universities have contributed to bridging the structural, institutional, and systemic 
gaps that impede equity, access, participation, and ultimately self-actualization, particularly 
amongst African American girls and women.  Provided is a self-designed diagram illustrating the 
stated relationship between the three philosophies, where the principles Critical Race Theory, 
Critical Race Feminism, and Phenomenological Variant Ecological Systems Theory join to 
create a challenging but worthy framework for researching the social, structural, and 





Figure 2. Theoretical Framework for Examining Racial & Gender Diversity in STEM 
Examining Race and Gender Through the Science of Social Philosophy 
When reviewed through the context of CRT, CRF, and PVEST, the literature brings into 
perspective the institutional and systemic barriers that hinder access, participation, and self-
efficacy in computational learning environments (Galloway, 2012; Hutton, 2019; Young et al., 
2017; Rosa & Mensah, 2016).  As examined by Morton & Parson (2018), social science is used 
as a way of assessing the structural and phenomenological mechanisms that influence an 
underrepresented population’s environmental vulnerabilities, their level of sustained 
engagement, and the efficacies of their performance outcomes.  The foundational elements of 
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these theories have been applied in the examination of a range of academic works on the topic of 
diversity in education, including articles and dissertations by Young et al. (2017), Charleston et 
al. (2014), and White (2017), who explore how perception, power, and agency influence 
sustained participation and retention in science and technology learning environments at the 
secondary and post-secondary levels (Morton & Parsons, 2018).  Young et al.’s literature, for 
instance, speaks to the social effects of these influences; namely perception and agency; asserting 
that “non-traditional gender achievement socialization patterns have propelled (black women and 
girls) to outperform their male counterparts in most STEM-related academic fields,” despite 
being confronted with unique social obstacles along their academic journey, ranging from 
instructor bias and “poor institutional support” (Young et al., 2017, p. 175).  Like Jones’ (2010) 
study of the absence of diversity and cultural representation in STEM-based residential high 
school programs, Young et al.’s (2017) analysis on the structural issues inhibiting equity in 
secondary STEM environments brings to light the connections between student enrollment in 
Advanced Placement (AP) science courses, social agency, and a student’s overall disposition 
towards technology education (Young et al., 2017).  To summarize, Young et al.’s research aims 
to determine the depth of the relationship between (1) the efficacies of high school-aged African 
American girls’ overall interest in STEM education, (2) the conditions influencing the group’s 
self-perception of its intellectual capacity in science and technology disciplines, and (3) the 
quantifiable underrepresentation of black girls enrolled in STEM courses at the secondary level 
(Young et al., 2017, pp. 175-176).  The authors’ research contributes to the investigation of 
diversity in STEM by studying the racial, gender, and social conditions that; as observed by both 
Jones and later expanded upon by Winkle-Wagner & McCoy (2018); disproportionately affect 
minority populations (Jones, 2010, p. 32; Winkle-Wagner & McCoy, 2018).   
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Young et al.’s (2017) research states that only “10% of STEM professionals” are women 
of color (African American, Latino, and Native American).  Moreover, according to Charleston 
et al. (2014), over “70% of the country’s 3.5 million scientists and engineers” are Caucasian (p. 
166).  A comparable study was published by the National Science Board in 2010, which found 
that while women accounted for nearly “58% of all bachelor degrees” awarded since 2002 and 
“half or more of all social science, chemistry, and engineering degrees since 2000,” African 
American students only represent 8% of bachelor degrees earned in computing disciplines, 
making African American women one of the most underrepresented groups of STEM aspirants 
in science and engineering-fields of education (Charleston et al., 2014, p. 167).  This is bolstered 
by studies reviewed in the broader context by Charleston et al. (2014), the White House Initiative 
on Educational Excellence for African Americans (2016), and McGee & Bentley (2017), which 
found that not only are less than 10% of all masters degrees and 4% of all doctorate degrees in 
STEM awarded to black and brown women but only “2% of practicing scientists and engineers 
in the US” are black women (Fact Sheet, 2016; McGee & Bentley, 2017, p. 265).  These 
disparities, the literature affirms, exists despite Young et al.’s findings suggesting that black 
women “consistently outperformed” their male peers academically in science-related learning 
disciplines in secondary environments (Young et al., 2017, p. 175).  The shared reporting of 
these outcomes, some could argue, is attributable to a range of variables, which include (but are 
not limited to): 
1. Widening disparities in access and participation amongst African American and Latino 
students, despite (as Kumar (2016) outlines) the US becoming more culturally diverse 
because of changing racial demographics; 
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2. Discrepancies in enrollment in STEM-based high school programs, where; again, as 
evaluated previously in the Jones (2010) article; black students are disproportionately 
underrepresented (in part) because of conditions that are socio-economic, geographic, and 
institutional; and  
3. What Winkle-Wagner & McCoy (2018) describe as inadequate, inclusionary policies and 
systems that have failed to improve equity, engagement, and retention within 
marginalized, mostly minority communities of students at the university level (Kumar, 
2016; Jones, 2019, pp. 34-35; Winkle-Wagner, & McCoy, 2018, p. 593).   
A primary implication of Young et al.’s (2017) research is that self-perception, personal 
motivation, and the performance outcomes of black girls in STEM are shaped by the racial and 
gender socialization patterns of their interpersonal environments, where developing self-reliance 
is not only emphasized at an early age but ultimately aids in fostering intellectual independence 
and self-efficacy (p. 175).  This inherent sense of belief, Rosa & Mensah (2016) suggest, is 
grounded in critical race philosophy and is, therefore, fundamental to addressing the factors that 
attribute to the disenfranchisement and marginalization of underrepresented populations in 
science education, particularly in advanced science disciplines like astrophysics, where 
disenfranchisement based on race and gender, according to their research, is even more 
prevalent.   
In a video featured on PBS news, Dr. Jedidah Isler, who is an African American female 
astrophysicist, shares her social experiences as a member of a small group of black women in 
specialized fields of science.  Dr. Isler has dedicated her career not only to the scientific 
investigation of outer space but to spearheading efforts to improve equity and inclusion amongst 
black girls in science and technology education.  So much so that she created an advisory 
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platform called “Vanguard STEM,” which is an online community designed to bring women of 
color together to discuss their experiences as an underrepresented group in the STEM sector and 
to provide support for aspiring minority female students and professionals (PBS, 2019).   The 
video frames the challenges that marginalized communities of aspirants face in their journey to 
achieve academic and career success in STEM.  In the context of her own experiences, Dr. Isler 
shares how the absence of racial and gender representation in advanced fields inspired her to 
create a community of support for future STEM leaders.   
https://www.youtube.com/watch?v=bAGPi6tBwZ0 (PBS, 2019). 
Considering Galloway’s (2012) tapered application of Bell’s (1992) opinion regarding 
institutional activism and the function of Critical Race Theory; as well as the author’s broader 
assertions of how Critical Race Feminism is essential to confronting what is becoming a more 
complex trajectory of academic achievement and success in STEM for black women; Galloway 
examines the conditions that shape racial and gender diversity in science education through what 
he calls the “complex cultural and historical significance of struggle and resistance (experienced 
by) African Americans in the U.S. educational system” (Galloway, 2012, pp. 5; 7).  As was 
revealed in the context of the broader research themes examined previously, the social inhibitors 
of diversity that Galloway underscores are institutional, systemic, and structural; consisting of 
factors that not only constrain the simple act of accessing educational technology but that limit 
the issuance and dissemination of public and private resources (Weiss, Yates, & Gulati (2016); 
Resta & Laferrière, 2015; Sardelis, Oester, & Liboiron, 2017; Neuman & Celano, 2012).  
Therefore, some could argue that examining race and gender in STEM through the cadence of 
social philosophy is essential to fully contextualizing the policies and systems that influence 
access, engagement, and outcomes.    
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Black Women and the Unique Intersectionality of Race & Gender 
Coleman & Anjur’s (2019), Hutton’s (2019), and Jackson’s (2018) research on the 
instructional, administrative, and institutional challenges experienced by African American 
students support the need for comprehensive analysis on the state of diversity in STEM.   This is 
especially true when determining whether African American women's unique pedagogical 
experience is an effect of the intersectionality of race and gender.  A number of barriers are 
believed to have caused the widening gap in the representation of black women in STEM, 
ranging from the absence of cultural representation at the instructor-level of pedagogical design 
and delivery to institutions under-estimating the efficacies of the digital divide, to how 
transformative pedagogy and limited access to hardware systems disproportionately impacts 
under-served and underprivileged communities (Coleman & Anjur, 2019; Hutton; 2019; 
Kandlhofer et al., 2016).  These conditions, when compounded by Sardelis, Oester, and 
Liboiron’s (2017) work on the structural limitations being placed on women across the STEM 
pipeline; from disparities in access experienced at the introductory stages of the learning process 
to the hindering of female student engagement in professional societies at the university level; 
only amplifies the distinct challenges that African American women experience in science 
education.  Hence, navigating the academic community’s growing interest in cultural and gender 
representation in STEM learning, considering the social philosophies that have provided context 
for a more in-depth investigation of the conditions causing these disparities, requires a more 
comprehensive examination of interrelated works and theories.   
One such work is “(Un)Hidden figures” by Ireland et al. (2018), who defines 
intersectionality as “a theoretical and methodological framework by which education researchers 
can critically examine why and how students in STEM-fields who are members of intersecting 
 
47 
marginalized groups have distinctive experiences related to their social identities, other 
psychological processes, and educational outcome” (p. 226).  The authors’ research studies the 
impact that systemic racialization and gender bias have had on the educational experience of 
African American women in STEM, suggesting that (1) identity and cultural representation, (2) 
academic interest, (3) the depth of their ability perception, and (4) support systems within and 
beyond the learning environment, are paramount to the student’s academic success (Ireland et al., 
2018, pp. 226, 234-237).  Each of these factors; cultural agency, sustained interests, self-efficacy, 
and interpersonal support; is described more broadly by Jackson (2018), Hutton (2016), Kumar 
(2016), and Neuman & Celano (2012), respectively, as having a disproportionate impact on 
African American populations and women.  Thus, the literature suggests that the convergence of 
race and gender intensifies when black women’s social identity and the intersectionality of their 
social experiences meet.   
Dr. Kimberlé Crenshaw, the Director of the Center for Intersectionality and Social Policy 
at Columbia University, the Co-founder of the African American Policy Forum, and the creator 
of Intersectionality Theory, contextualizes the relationship between race and gender in both her 
writings as well as in a Lafayette College video interview.  In her 1989 essay entitled 
“Demarginalizing the intersection of race and sex: A black feminist critique of antidiscrimination 
doctrine, feminist theory, and antiracist politics,” Dr. Crenshaw examines what she describes as 
the “multidimensionality of black women’s experiences,” implying that race and gender are not 
mutually exclusive elements of an African American woman’s social experience but rather 
interrelated properties whose effect should be examined through both feminist and antiracist 
philosophy (Crenshaw,1989, p. 139).  Moreover, via her contributions to the article 
“Intersectionality: Mapping the movements of a theory,” Carbado, Crenshaw, Mays, & 
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Tomlinson (2013) argue that intersectionality should not be viewed simply as a research 
philosophy or a social disposition but as a theoretical methodology that is interdisciplinary in its 
heuristic capabilities, suggesting that the “failure to attend to intersectionality’s movement 
(impedes) our ability to… imagine other places to which the theory might be taken” (Carbado, 
Crenshaw, Mays, & Tomlinson, 2013, p. 303).  In the video, Dr. Crenshaw further outlines the 
tenets of intersectional philosophy and its connection to African American women, inferring that 
while social factors like racial bias and gender discrimination create disproportionate, 
intersectional experiences within our society, examining these factors can also inform our 
understanding of the uniqueness of the black female experience, particularly at the point of 
convergence where race and gender overlap (Lafayette College, 2015).  Hence, Dr. Crenshaw’s 
writing and the video interview frame the unique relationship between an African American 
woman’s racial and gender identity, the compounding nature of intersectionality, and the 
expansive effect these conditions can have on an African American woman’s social experience. 
https://www.youtube.com/watch?v=ROwquxC_Gxc (Lafayette College, 2015).  
A more concentrated investigation of racial and gender diversity in STEM gives way to a 
range of literary themes.  First, building from the perspectives of previously reviewed works on 
self-efficacy; namely, Young et al.’s (2017) study of the socialization patterns that are both 
unique to the interpersonal workings of the African American experience and aid in the 
accelerated intellectual independence of black girls; Johnson’s (2018) dissertation examines the 
connections between a student’s spirituality, self-belief, and a young woman’s sense of 
belonging.  Johnson attempts to draw alignment between the challenges that black women 
experience as an underrepresented community in the STEM sector and how spirituality and the 
social traditions of the African American faith experience have helped black women propel 
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themselves beyond the conditions of their isolationism (Johnson, 2018).  Like Kumar (2016), 
whose research assessed the efficacies of interpersonal influence and the impact that an 
underrepresented student’s family can have on retention and self-belief, Johnson’s study submits 
that an African American students’ (particularly women’s) connection to the cultural practices of 
the African American faith tradition; which historically has served as a structural, institutional, 
and spiritual hallmark of the community’s social foundation; strengthen their capacity and desire 
to achieve despite the (at times) un-favorableness of the apparent conditions (Johnson, 2018, p. 
6).   
Essentially, Johnson’s (2018) work examines the seam that aligns faith and self-efficacy, 
explaining that the spiritual acknowledgment of their capacity often reinforces an African 
American women’s motivation to succeed in STEM.  Applying social philosophy to capture the 
communal experience of African Americans requires, as Galloway’s (2012) analysis on Critical 
Race Theory and Feminism implies, an acknowledgment of historical chronology, which 
provides context for not only examining the challenges that disproportionately impact 
underrepresented communities of students but the systems being applied on students’ behalf to 
help surmount these challenges.  Leading the charge are institutions, both public and academic, 
whose efforts aim to make STEM education more accessible, inclusive, and culturally 
representative of African American women's shared efficacies and intersectional experiences.  
The literature to follow considers the impact that non-traditional, state-based programs and 





PVEST, Inclusion, and the Definitive Role of HBCUs in STEM Education 
Winkle-wagner & McCoy’s (2018), Sardelis, Oester, and Liboiron’s (2017), and Jones’ 
(2010) respective studies on the experiences of African American girls & women in STEM 
revealed growing sentiments of cultural unacceptance and disproportionate access to leadership 
opportunities, which often results in the student’s social withdrawal from the learning 
environment or discipline.  The literature also suggests that state-sponsored secondary schools 
and Predominately White Institutions (PWIs) often struggle with designing and implementing 
the kinds of administrative policies that would improve diversity, both in terms of cultural 
representation of instructors and its student enrollment (Jones, 2010, p. 32; Winkle-Wagner & 
McCoy, 2018, p. 593).  Just as Critical Race Theory and Critical Race Feminism were applied to 
understand better the intersectional, interpersonal, and culturally enforceable elements of the 
African American female student’s social experience, using PVEST in the studying of self-
efficacy and academic outcomes contextualizes the impact that culturally representative 
institutions have on student performance and their sense of belonging (Ireland et al., 2018; 
Young et al., 2017; Johnson, 2018; Galloway, 2012; Morton & Parsons, 2018).   
The literature suggests that improving institutional and structural inclusivity requires 
public and private interventions.  For instance, White’s (2017) dissertation studies diversity in 
STEM through the context of non-traditional, state-based partnership academies, wherein 
experiential pedagogical methods rather than didactic systems of learning were determined to be 
more effective, particularly for students whose academic experiences with STEM were limited 
(p. iii).  Through experiential learning, consisting primarily of mentor-directed exercises and 
work-internship opportunities, White found that students were able to not only dismantle 
preconceptions of their self-image but were able to navigate the institutional barriers that 
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hindered their ability to successfully explore careers in the technology sector (pp. iii-iv).  The 
literature, one could surmise, points to the fact that mentorship, particularly from instructors 
whose cultural identity and social experiences correspond with those of their students (as Hutton 
(2016) argues), helps retain students' interest in STEM.   
While Hutton’s work doesn’t fully explore the inhibitors of administrative and 
instructional diversity, Locket, Gasman, & Nguyen’s (2018) research concludes that Historically 
Black Colleges and Universities (HBCUs) are best-positioned to improve racial and gender 
equity in tech-focused fields of education.  Lockett, Gasman, & Nguyen investigate not only the 
impact that institutional diversity has on African American female participation in STEM but 
how a university’s commitment to both administrator-to-student relationships and institutional 
diversity can work to advance self-efficacy and performance outcomes amongst 
underrepresented groups of students, specifically black women pursuing undergraduate degrees 
in engineering, science, and mathematics.  In their respective assessments of the institutional 
variances that exist between HBCUs and PWIs, Jones (2016) and Winkle-Wagner & McCoy 
(2018) concede to the opinion that minority students attending predominately white, flagship 
universities where diversity in administrative leadership, instruction, or enrollment isn’t as 
prioritized, tend to be less socially immersive for black students pursuing STEM degrees, with 
attendees of color often feeling alienated by the absence of social and cultural support.  
Moreover, Leath & Chavous’ (2018) work examined the racial stigmatization of black women at 
PWIs and its impact on (A) a student’s sense of belonging, (B) their personal motivation, and (C) 
the widening gaps in ethnic and gender representation in STEM at these institutions (Leath & 
Chavous, 2018, pp. 125-126).  Their research also found that black students pursuing STEM 
degrees at PWIs were more susceptible to cultural marginalization, social exclusion, gender bias, 
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and institutional obstructionism based on classism and socio-economic standing, all of which 
undermine a student’s academic performance and intellectual capacity (Leath & Chavous, 2018, 
p. 126).   
HBCUs, on the other hand, Lockett, Gasman, & Nguyen (2018) argue, tend to embrace 
the imperativeness of their institutional responsibility to provide social resources to black 
students, especially women, through the implementation of senior-level (deans, provosts, 
presidents, etc.), instructor, and counselor/advisor-led academic policies designed to combat 
systemic and institutionalized sexism and racism.  They go on to suggest, in summary, that as 
administrators can improve both access and sense of belonging, institutional leaders must 
commit to making STEM learning environments more equitable and inclusive of 
underrepresented populations (Lockett, Gasman, & Nguyen, 2018, pp. 2, 4).  To this point, some 
researchers, Mullins (2018), for instance, will argue that HBCUs are best equipped to provide 
these kinds of social systems, considering their cultural commitment to academic inclusion and 
diversity more broadly.  Like Lockett, Gasman, & Nguyen, Mullins examines the 
disproportionate number of black women who are being prepared for careers in STEM and how 
HBCUs are uniquely proficient in preparing students for careers in sectors in which they are 
socially and culturally underrepresented.  Employing Critical Race Feminism as the primary 
theoretical context of the study, Mullins argues that not only are institutional racism, structural 
prejudices, cultural microaggressions, sexism, social exclusion, and gender bias all hindrances to 
black women’s ability to thrive in STEM but implies that HBCUs provide systems of support 
that are far superior in combatting these conditions (Mullins, 2018, pp. ii, 7-8).  
In a TED Talk featuring Dr. Jedidah Isler, she shares her personal experience having not 
only attended an HBCU but having faced occurrences of overt racism and gender bias in pursuit 
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of her doctorate in Astrophysics from Yale University, where she became the first African 
American woman in the school’s history to receive a Ph.D. in the discipline (TED, 2016).  Dr. 
Isler’s lecture supports Mullins’ (2018) theoretical inferences regarding Critical Race Feminism 
and frames how the convergence of institutional and social biases at the intersection of an 
African American woman’s experience impacted her personal and professional journey in spaces 
where few who look like her have journeyed.  Therefore, her presentation aims to shed light on 
the unique struggles experienced by black women in science and technology fields, using 
intersectionality as both a metaphor and a philosophy for describing the challenges women of 
color face in advanced science disciplines. 
https://www.youtube.com/watch?v=3NdSVi38RM8 (TED, 2016). 
As previously framed, Phenomenological Variant Ecological Systems Theory examines 
the experiences and perceptions of students through the efficacies of their vulnerability, level of 
engagement, coping mechanisms, identity, and outcomes, to better understand the structural 
influence of environmental and behavioral characteristics that are unique to the experience of a 
particular group (Morton & Parsons, 2018, pp. 1367-1368).  From a research perspective, 
PVEST contextualizes the range of environmental factors that impact a black student’s 
perception of an academic environment and how the weight of the experiences that steer these 
perceptions impact stress, “reactive coping,” and ultimately “life-state outcomes” (p. 1368).  
Some might interpret the literature as suggesting that the social ecologies of diversity or the 
natural, social, and biological factors that impact representation in STEM (whether they be 
interpersonal, racially motivated, or institutionally enforced) contribute to the net vulnerabilities, 
emerging identities, even and life-state outcomes of students.  Therefore, PVEST arguably 
provides the most consistent theoretical framework for assessing the structural conditions 
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impacting African American female representation in STEM through the perspective of the role 
that academic institutions play in improving self-belief and participation for students excluded on 
the basis of race and gender. 
Limitations and Gaps in the Narrowed Themes of the Research 
Though the literature presents a sound reproach of the inequitable effects that both social 
and institutional bias have on African American women and girls in science education, there are, 
of course, limitations to the research.  First, presenting Critical Race Theory, Critical Race 
Feminism, and Phenomenological Variant Ecological Systems Theory as an aligned social 
philosophy has its theoretical boundaries.  Though analogous in their application and in how 
each system focuses on the social vulnerabilities of understated populations, some would argue 
against drawing parallels between the three systems of thought, suggesting that other methods 
like Black Feminist Thought (BFM), for instance; which was also applied by Galloway (2012), 
Mullins (2018), and Charleston et al. (2014); would be more appropriate than PVEST 
considering that BFM’s primary theoretical application centers around the disparities 
experienced by black women, specifically.  Also, despite its broad application, PVEST is based 
on developmental psychology rather than science and focuses on the social, structural, systemic, 
institutional, and even historical impact that gender bias and racial exclusion have on a student’s 
perception of her own identity and performance capabilities (Morton & Pearson, 2018, p. 1369).  
To their credit, Morton and Parsons (2018) argue that, unlike other research themes, PVEST 
considers the structural, institutional, and social implications of intersectional unfairness, as well 
as the historical impact of race and gender; which are essential in examining the uniqueness of 
African American women’s experience in innovative fields of learning like science and 
technology (Morton & Pearson, 2018, p. 1369). Moreover, some would argue in favor of 
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expanding the theoretical framework to examine representation through the context of a student’s 
ecological experience.  Still, because there is no wealth of research connecting PVEST and 
STEM, specifically in the context of racial and gender representation, a more comprehensive 
analysis of the theory and how it applies to both communities of color and gender diversity in 
education is required to capture its application fully.   
Expanding on the theoretical limitations of the literature, Galloway’s (2012) application 
of Bell’s (1976) theoretical framework for assessing the impact of institutional racism and 
structural bias allows for a more in-depth investigation of (1) the conditions that incite social 
disparities and (2) how these conditions are unique to women of color.  However, Charleston et 
al. (2014) and Perna et al. (2010) infer that the underrepresentation of African American women 
in STEM may be a consequence of science, technology, and engineering fields being male-
dominated rather than simply being predominately underrepresented by minorities, considering 
the overrepresentation of Asian, Indian, and Caucasian American men in STEM (Charleston et 
al., 2014; McGee and Bentley, 2017).  According to Perna et al. (2010), Asian students or those 
who identified as Pacific Islanders are often overrepresented in technology education, earning 
over 13% of all degrees in biological sciences, computer sciences, and engineering, respectively, 
despite only representing 6.5% of all students who attained bachelor’s degrees at the time of the 
study (p. 42).   Essentially, stating that STEM lacks diversity or is absent of minority 
representation, some would argue, is an over-simplification of the industry's academic and 
vocational makeup, particularly at the post-secondary level and beyond.  Hence, while African 
American women’s experience in STEM is shaped by the intersectionality of race and gender, 
determining whether diversity is more deeply impacted along racial lines or if the 
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disproportionate underrepresentation of black women is a consequence of gender disparities 
requires more in-depth analysis.   
Morton & Parsons (2018) also acknowledge the need to explore further how elements of 
a student’s experience at the primary and secondary levels impact self-efficacy at the collegiate 
level, affecting motivation, persistence, social awareness, and intellectual motivation (p. 1386).  
Though their research revealed disparities in access to STEM-based elementary and primary 
education programs and recommended a number of interventions designed to improve early-
stage engagement, the article is limited in its examination of best practices at each respective 
level.  In Cagle, Caldwell, & Garcia’s (2018) assessment of elementary-stage STEM education, 
they discovered variances in engagement and student capacity along the STEM education 
pipeline, which they suggest is a consequence of contrasting curricula and systems of delivery 
(Cagle, Caldwell, & Garcia, 2018, p. 17).  Kandlhofer et al. (2016) also challenged the 
effectiveness of transformative pedagogical systems, relative to the disproportionate impact that 
both the digital divide and Hargittai & Hinnant’s (2008) “second-level digital divide” (p. 605) 
have on under-served, underrepresented student populations.  Therefore, it can be assumed that 
additional research is required to fully assess how early-stage interventions impact representation 
and which pedagogical systems and methods produce the best long-term outcomes, considering 
the digital challenges faced by socially disadvantaged student populations. 
Lastly, the research is limited in its assessment of the structural differences between 
HBCUs and PWIs.  While Hutton’s (2016) analysis does not provide a clear explanation for the 
lack of instructional diversity in STEM-based education, Lockett, Gasman, & Nguyen’s (2018) 
summary on cultural representation and the support systems provided by HBCUs suggests a 
strong presence of minority mentors, counselors, and advisors in these environments.  As is the 
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subject of Leath and Chavous’ (2018) study on the experience of African American women in 
STEM at PWIs, Lockett, Gasman, & Nguyen’s (2018) research suggest that the experience of 
black women at HBCUs benefit most from the impact felt through the development of 
relationships between students and administrators, which, according to Mullins (2018), Winkle-
Wagner & McCoy (2018), Jones (2016) and others, is a stark contrast to the researched 
experience of black students at PWIs.  Moreover, the findings suggest that black women at 
HBCUs enjoy more favorable and socially rewarding connections with their administrators and 
instructors, with interventions at HBCUs being described as intentional, effective, socially 
welcoming, culturally inclusive, and ultimately having played an integral role in a student’s 
academic success (Locket, Gasman, and Nguyen, 2018, pp. 2, 4).  Still, the authors acknowledge 
a range of limitations in their research.  Though culture is discussed throughout the literature, 
some would argue that the relational elements of the student-to-instructor or student-to-
administrator experience are not widely seen as foundational priorities to academic success, 
which places into question the significance of how it should be contextualized within the 
framework of examinations of diversity, equity, and inclusion.  Thus, the challenge becomes 
determining the actual value of having an interpersonal rapport with administrators and 
instructors and if the existence of such a connection improves participation, self-efficacy, sense 
of belonging, and most notably, academic outcomes. 
Conclusion 
A comprehensive review of the literature illuminates how Historically Black Colleges 
and Universities bolster diversity, equity, and inclusion through their commitment to challenging 
institutional and systemic disparities in science education.  The depth of this obligation, the 
literature suggests, is in many ways amplified through the context of social justice philosophy 
 
58 
and in the lived experience of African American women whose journey into and through the 
STEM-to-career pipeline requires that they navigate the intersections of racial stigmatization and 
gender marginalization.  The articles, journals, books, and dissertations incorporated herein; 
many of which were published within the past 5-10 years; actively engage in investigating 
pathways to make learning environments more inclusive, welcoming, and culturally 
representative of the broader societies of students that make up the institutions of learning whose 
policies and practices their research challenges.  Thus, as it relates to the quantitative and 
qualitative fieldwork completed as part of this study, these contributions have undoubtedly 
helped develop a research framework for examining how HBCUs are working to level the 
playing field in science and technology education.  
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CHAPTER 3: METHODOLOGY 
Research Objectives 
As was explored in the academic and peer-reviewed works by Rosa & Mensah (2016), 
Young et al. (2017), and others, minority women; specifically, African American women; are 
underrepresented in science and engineering education (in part) as a consequence of a range of 
social factors that are compounded by the intersectionality of their racial and gender identity.  
Writings by Galloway (2012), Evans-Winters & Esposito (2010), and Morton & Parsons (2018) 
suggest that disparities in access and participation amongst black women and girls are the result 
of structural and institutional functions of our society which have inhibited equitable 
representation in STEM learning.  This disparity is especially true, the authors surmise, amongst 
those for whom inclusion in disciplines like technology education has been suppressed by the 
unique conditions of their broader social experience (Galloway, 2012; Evans-Winters & 
Esposito, 2010).  The literature reviewed in the preceding chapter proposes that the absence of 
diversity in STEM has both sparked extensive academic analysis on the topic of gender and 
racial equity in scientific fields and given way to more comprehensive investigations. These 
studies include, for instance, how culturally representative institutions have underwritten the 
educational systems and policies that make learning environments more culturally diverse and 
bolstered their commitment to improving African American women’s sense of belonging in 
disciplines they are underrepresented (Rosa & Mensah, 2016; Leath & Chavous, 2018).   
Considering the shared theoretical framework at the cross-section of the implied 
relationships between Critical Race Theory, Critical Race Feminism, and Phenomenological 
Variant Ecological Systems Theory; as well as the structural conditions that are unique to the 
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academic experiences of African American women; exploring the central tenets upon which the 
literature has revealed disparities in access, enrollment, participation, engagement, and academic 
outcomes requires a multifaceted approach that considers both statistical and empirical analysis.  
While research conducted by the Obama Administration’s “White House Initiative on 
Educational Excellence for African Americans” (2016), Charleston et al. (2014), and McGee & 
Bentley (2017) captured the quantifiable effects of the social conditions that disproportionately 
impact African American women in STEM, White (2017), Johnson (2018) and Locket, Gasman, 
& Nguyen’s (2018) explore the distinctive values that determine how self-belief, personal 
motivation, and cultural agency influence student outcomes.  Contributing to the study of racial 
and gender diversity in STEM learning and how HBCUs help address racial and gender inclusion 
in technology education could significantly advance efforts to improve equitable outcomes in 
subjects that are becoming increasingly more prominent in our society.  Therefore, the objective 
of this research study is to not only assess the conditions that influence access and engagement 
amongst African American female populations but to build upon the academic understanding of 
the social, economic, and institutional factors that impact the lack of gender and racial diversity 
in science and technology fields of education.     
Theoretical Case of the Methodology 
The primary research study aimed to contextualize the racial and gender disparities that 
exist along the technology education sphere.  As demonstrated in the literature, investigating 
African American female representation in STEM can be completed through explanatory and 
statistical examinations, otherwise referred to as qualitative and quantitative research.  
Qualitative analysis, according to Maxwell (2008), is “a reflexive… broad, and less restrictive” 
system of inquiry, through which a researcher conducts examinations “at every stage” of the 
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data-gathering process (p. 215).  Essentially, it is an interactive and structurally permissive 
process of gathering research data and appraising the findings as they are being collected.  The 
unrestrictive features of qualitative research designs extend researchers the freedom to adapt 
within the actual study itself, modifying, for instance, the level intensity of or withdrawal from a 
specific line of questioning based upon the respondents’ replies or reactions.  The spectrum of 
open-ended, semi-structured, and closed-ended designs of qualitative exercises allows 
researchers to (as White (2018) explains in her examination of diversity and inclusion in STEM) 
implement strategies that are not only less rigid and controlled but are more accommodating to 
the respondents’ willingness to elaborate on their experiential connections to the topics and 
themes being researched (White, 2018).  Examining the intersectionality of race and gender 
requires, according to Ireland et al. (2018), “critical examinations” (p. 226) of the systems and 
structures that influence learning outcomes.  Moreover, applying explanatory methods of inquiry 
to appraise Bell’s (1992), Galloway’s (2012), Rosa & Mensah’s (2016), and Morton & Parsons’s 
(2018) framing of Critical Race Theory, Critical Race Feminism, and Phenomenological Variant 
Ecological Systems Theory; or more specifically the conditions that impel the state of racial 
justice, gender inclusion, and environmental consciousness; helps to produce a more 
comprehensive study of diversity and representation in STEM education.  Qualitative studies, 
Maxwell (2008) writes, aim to achieve five intellectual objectives: 
1. To capture the subjective nature in which a respondent’s lived experiences have 
influenced their understanding of their past behaviors; 




3. To study the exploratory elements of the research design that support the researcher’s 
attempt to understand better the variables that influence lived experiences and behavior; 
4. To contextualize the factors and conditions that shape future outcomes; and 
5. To aid in the “development of casual explanations” and inferences to support plausible 
claims and theories (p. 221). 
While other research strategies endeavor to achieve similar goals; like ethnography, for 
instance, which was applied in Neuman & Celano’s (2012) observation of the ecologies that 
influence educational access and participation amongst under-served minority populations; 
interviews help place into context what Tashakkori & Teddlie (2009) refer to as the critical areas, 
“assumptions, and beliefs” that are the foundation of the researcher’s hypothesis (p. 296).  This is 
especially true when paired with self-administered questionnaires within a hybrid model of 
triangulated data.  Hybrid designs, the authors surmise, consist of mixed methodologies where 
analysis is conducted via parallel or “interconnected” strands of explanatory and exploratory 
research (Tashakkori & Teddlie, 2009, p. 289).  As qualitative examinations often provide 
context, the quantitative elements of a study are particularly useful in validating and interpreting 
what Jick (1979) calls “the potentiality of social observation,” whereby a much larger data set 
can be used to explain behaviors and suggest potential outcomes (Jick, 1979, p. 604).  In essence, 
quantitative analysis both measures the effect of a series of variables and aids in establishing the 
apparent connections between each respondent’s relationship to those variables (Jick, 1979).  
Therefore, the assertion can be made that the freedom of qualitative examination, combined with 
the data-driven functions of quantitative analysis, allows researchers to comprehensively assess 




Methodology and Rationale 
The following study of racial and gender diversity in STEM education employs a 
sequential, parallel mixed-methods approach which, I believe, is the most effective strategy for 
evaluating (1) the structural conditions that affect academic representation amongst African 
American women and (2) the effect HBCUs have in making STEM learning more socially 
inclusive.  There are several advantages to implementing quantitative and qualitative systems of 
data collection.  Academics like White (2018) and Saville (2014), for instance, employed these 
respective methodologies in their investigations of the social disparities that exist in technology 
education, using interviews or surveys to capture the pedagogical experiences of black women 
and girls in STEM learning.  While White conducted “semi-structured” interviews with four 
African American and Latino instructors to determine how curriculum development, self-
efficacy, and other experiential factors influence the rate of sustained participation amongst 
African American female students, Saville’s study registered 645 tenured-tracked, scientific 
research professionals representing over 40 US doctoral universities, and analyzed diversity 
through a more statistically-driven research approach (White, 2018, p. 59; Saville, 2014, p. 203).  
Though each methodology has its advantages, an argument can be made that examining social 
representation in STEM through the prism of race and gender is best achieved by applying a 
mixed or multi-modeled research method.  Conducting quantitative assessments to measure the 
depth of how black women’s limited exposure and experiential connection to STEM education 
has shaped their motivations to engage in post-secondary and vocational learning environments, 
followed by explanatory studies of the socio-economic, institutional, and systemic factors that 
hinder access and participation in science education, could be the most comprehensive method 
for evaluating the social disenfranchisement of black women in these fields.  Therefore, to fully 
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grasp the issue of diversity and representation in STEM learning and to better identify the factors 
that influence access and participation amongst African American women considering the unique 
intersectionality of their social experience, a sequential mixed research methodology that applies 
both qualitative and quantitative systems of examination is most appropriate.   
As the quantitative elements of the research topic are substantiated by the conditions that, 
according to the literature, exist across the intersectional experiences of African American 
women in STEM (i.e., limited access, lack of cultural affinity in instruction, challenges of self-
efficacy, a student’s sense of belonging, socialization patterns, gender bias, etc.), it is determined 
that the statistical functions of quantitative analysis help to establish a framework for not only 
examining the intensity of each of these specific social conditions but aid in pinpointing the 
conjoined, structural and systemic correspondences that are shared amongst black female 
aspirants (Hutton, 2019; Kumar, 2016; Young et al., 2017; Johnson, 2018; Galloway, 2012).  
Saville (2014), for example, produced a comprehensive work on the topic of social 
representation in tech-education via a comparative, quantitative study that examined diversity 
across a range of variables, including (but not limited to): 
• Geographic location,  
• Ethnicity,  
• Career tenure,  
• STEM learning disciplines (physical science, biological science, etc.), and  
• Academic categories (chemistry, neuroscience, etc.); a strategy that would prove useful in 
determining the intersectionality of race and gender when analyzing long-term academic 
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and vocational outcomes of underrepresented groups in these fields (Saville, 2014, pp. 
31-33).   
The application of Saville’s (2014) method suggests that statistical inquiry is useful in 
framing the relationship between the efficacies of a student’s cultural, social, and 
phenomenological identity and the likelihood of their sustained participation in STEM learning.  
Alternatively, applying qualitative devices allows for the capturing of illustrative and 
explanatory analysis of not only how Historically Black Colleges and Universities have helped to 
advance cultural diversity through the broadening of their administrative and instructional 
commitment to promoting social inclusion, but how Critical Race Theory, Critical Race 
Feminism, and Phenomenological Variant Ecological Systems Theory align to provide a 
theoretical context for the challenges that black women face in technology fields of learning, 
training, and workforce integration.  As was detailed in White’s (2018) research design, open-
ended techniques tend to encourage interviewees to “become complete participants” in the study, 
thus helping to establish “harmonious,” congenial, and authentic interactions that prompt a kind 
of interpersonal flexibility, the author suggests, in which “participants provide researchers with 
the opportunity to ask more probing questions, as well as capture unanticipated cognitive insights 
regarding the effect of experiential learning upon African American and Latino students’ self-
efficacy” (pp. 59-60).  Hence, having the design capabilities to accommodate a respondent’s 
desire to expound upon the heuristic elements of their social and educational experience, I 
believe is paramount in framing the substance of an academic inquiry into the disproportionate 
underrepresentation of marginalized student populations in STEM. 
Works by Tashakkori & Teddlie (2009), Maxwell (2008), Jick (1979), White (2018), and 
Saville (2014) propose that there are functional elements of each methodology that would 
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contribute to a comprehensive examination of diversity in STEM.  Gathering statistical insights 
from African American female undergraduate and graduate students, for instance, will elucidate 
the factors and conditions that inhibit participation at the primary and secondary levels and 
retention at the post-secondary level.  Conversely, engaging in qualitative exercises with STEM-
related instructors would contextualize the relationship between institutional support, self-
efficacy, and student outcomes.  Applying a sequential mixed-methodology that relies on both 
statistical data-gathering activities and explanatory interviews contributes mightily to the shared 
research being conducted on the topic, allowing for a more developed command of the social, 
institutional, and theoretical conditions believed to be at the center of the disproportionate, 
underrepresentation of black women in these sectors.  Therefore, I contend that employing both 
qualitative and quantitative methodologies is an effective strategy for analyzing the conditions 
that affect racial and gender diversity in science education.  
Critique of the Methodology and Research Design 
Applying a qualitative and quantitative design helps researchers establish a framework 
for a more extensive evaluation of a study's central themes, particularly where combining 
exploratory and descriptive analysis produces a comprehensive interpretation of the findings 
(Maxwell, 2008).  In terms of this study of racial and gender representation in technology fields, 
the benefits of a mixed methodology are revealed in the examination of: 
1. The societal factors that impede access and participation amongst underrepresented 
student populations,  
2. How these factors are compounded by the intersectionality of a student’s racial and 
gender identity, and  
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3. In what ways HBCUs are contributing to the improvement of academic outcomes by 
making university ecosystems more equitable and socially inclusive.   
Still, the strategy is limited in a number of ways, one of which being the breadth of the 
findings captured through the quantitative exercises themselves.  Saville’s (2014) quantitative 
study, for instance, was comprised of 645 tenured professors with broad representation across 
levels of instructional experience, age (ranging from 27-89), and university affiliation (Saville, 
2014, p. 203).  However, not all exploratory studies are comprised of this broad of a data set, 
which impacts the concentration of the research inquiry.  With respect to this specific study of 
diversity and representation in STEM, the age range of the potential subjects who participated in 
an appraisal of their level of access to and participation in STEM education at the secondary and 
post-secondary levels was more narrowed (21-40 years of age as opposed to 27-89 years of age).  
Therefore, some could argue that the findings were constrained by the respondents’ limited, 
experiential connections of the broader structural and institutional considerations that influence 
equity and access (Saville, 2014, p. 203).  Polling undergraduate and graduate students rather 
than university instructors to examine the profundity of their social experiences, when it is likely 
that some students may still be navigating the social complexities of their academic journey in 
science and technology fields, may have impacted the results of the study.  Thus, quantitative 
analysis is limited by the sheer capacity of the data set and the researcher’s ability to conduct an 
experiment that is large or concentrated enough to assess the conditions identified in the 
researcher’s hypothesis.   
Despite the advantages of quantitative analysis, contextualizing social variables and 
examining how self-efficacy, disparities in racial equity, or the functions of institutional bias 
impact representation could be challenging to illustrate within a research design that relies solely 
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on statistical measurements.  Conversely, research analysis that is restricted to only interviews 
and is absent of the kinds of statistical data that could inform explanatory exercises can also be 
limited in its design.  As it pertains to this study's research themes, surveying students and 
interviewing only instructors and administrators could be viewed as a restrictive research 
strategy.  Though the interviewees represent both Historically Black Colleges and Universities 
and Predominately White Institutions, and given Jones’ (2010), Winkle-Wagner & McCoy’s 
(2018), and Leath & Chavous’ (2018) conclusions that PWIs should do more to make learning 
environments more welcoming and culturally inclusive, narrowing the qualitative insights to 
only include instructors at these universities, some may argue, lessens the impact of the study.  
Lastly, as Maxwell (2008) argues, applying mixed methods research can be a complex 
undertaking.  This may be especially true when considering the nuanced theoretical foundation 
upon which this research inquiry is directed.  Still, I’m confident that analyzing the racial and 
social disparities in STEM through a cooperative study that captures both the quantitative and 
qualitative values of the African American female student’s experience will further the academic 
review of the conditions that hinder diverse representation in science and technology fields of 
learning. 
Research Design, Ethics, and Data Sourcing 
To explore the relationship between access to science and technology education and the 
conditional experiences of African American women and girls who are disproportionately 
underrepresented in these learning environments, the researcher employed a sequential mixed-
methods strategy that features quantitative and qualitative investigatory exercises.  The function 
of the study is to reach explanatory conclusions regarding the social disparities that exist in 
STEM education; expounding upon not only the societal, structural, and institutional dynamics 
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cited in the literature as having contributed to the lack of sustained representation of black 
women in science education but the broader influence that HBCUs have in improving equity, 
academic justice, self-belief, sense of belonging, and ultimately vocational preparedness (Locket, 
Gasman, & Nguyen, 2018; Rosa & Mensah, 2016; Leath & Chavous, 2018; Hutton, 2019; 
Kumar, 2016).  As was evaluated in the peer-reviewed works appraised in chapter 2, this mixed-
methods study aims to address the following research questions: 
1. What social, economic, and academic conditions are responsible for the apparent racial 
and gender disparities in secondary and post-secondary STEM learning environments? 
2. Considering these factors, is the absence of diversity merely a magnification of the lack 
of gender equity throughout tech-based education, or more precisely, is it a consequence 
of systemic factors that are unique to the African American experience?   
3. And finally, in what ways have historically black institutions of higher learning, through 
the conscious implementation of culturally representative academic instruction and 
administrative leadership, helped improve equity, inclusion, and retention amongst 
African American female student populations? 
Design and Application of the Mixed Methodology 
Applying a methodology in which the study's quantitative and qualitative elements are 
carried out sequentially, where the statistical findings inform the qualitative exercises and help 
gain insights into the research questions; could contribute mightily to the broader academic 
community’s examination of diversity in STEM education.  This study draws distinctions 
between the experiential and empirical, where the efficacies of an underrepresented student 
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group’s lived experiences, and the administrative advantages of culturally representative 
instruction are revealed through the quantitative and qualitative exploration of the following: 
• The connections between the historical and secondary findings reviewed in the literature 
and the primary results captured through the research study,  
• The depth at which the stated social and structural conditions truly affect access to 
learning environments, and  
• Ways HBCUs contribute to improved participation and retention, given the systemic 
nature of the diversity challenges faced by underrepresented students in science and 
technology disciplines.   
Hence, the overarching goal of the research design outlined herein is to: 
1. Measure the quantitative and qualitative responses of African American female college 
students to better distinguish between the shared and varied experiences of the 
underrepresented population,  
2. Collect qualitative analysis from administrators of STEM-related concentrations to 
contextualize the academic disparities that hinder social and vocational outcomes at the 
post-secondary level, and  
3. To determine how this collection of findings contributes to the academic communities of 
thought investigating the social, structural, and institutional barriers that constrain 






The research examination was conducted via a mixed-methods design, whereby the 
quantitative and qualitative functions of the study occurred sequentially.  Applying these 
contrasting methods in succession, with statistical exercises followed by a series of semi-
structured interviews, not only provided a pathway for a comprehensive examination of the 
findings but allowed for the collection of data to be triangulated from each strand of the research 
study.   
Site A, a public, Historically Black College or University (HBCU) located in North 
Carolina and its School of Business' Department of Information Technology and College of 
Health and Sciences, served as the primary site of the research study.  Additionally, Site B, a 
public, flagship, Predominately White Institution (PWI) also located in North Carolina and its 
Departments of Computer Science and Engineering, served as the secondary site of the research 
study.  These institutions were selected in part because of their geographical proximity to one 
another (approximately 10.7 miles) and the breadth of my relationship, and general familiarity 
with each university.  The following outlines the various mixed-methods strategy elements, the 
tools used to capture insights, and the systems applied to evaluate the study’s quantitative and 
qualitative findings.   
Mixed-Method Design, Participant Protections, and Data Interpretation 
The study was comprised of three research activities, which include two data collection 
exercises and a final phase dedicated to data interpretation.  First, administrators and instructors 
of science, engineering, and mathematic disciplines at each of the respective university sites; in 
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conjunction with department liaisons; assisted with the coordination of a mixed model research 
assessment consisting of two research instruments:   
1. A quantitative study (i.e., online questionnaire) with 59, mostly African American, 
undergraduate and graduate students pursuing degrees in STEM-related disciplines at Site 
A and Site B, 51 of which were black female students enrolled at least part-time during 
the Spring 2021 semester; and 
2. A qualitative study (i.e., semi-structured interview) with one STEM administrator from 
Site A’s Department of Information Technology and Engineering, and one administrator 
from Site B’s Departments of Computer Science. 
Upon receiving guidance from Site-A’s Office of Research Compliance and Technology 
Transfer and Site-B’s Office of the Vice-Chancellor for Research, the researcher engaged 
administrators at the university departments mentioned above to develop proper research 
compliance and engagement systems.  The researcher also requested additional guidance from 
Site-A’s Computational Center for Fundamental and Applied Science Education and Site-B’s 
Institute for Research in Social Science to ensure the proper application of compliance protocols.  
Once approved and with the assistance of administrative personnel from each site, the primary 
correspondence instrument (the context of which is provided in the sections to follow and has 
been attached as an exhibit) was used to introduce the research opportunity to the quantitative 
study's potential student volunteers/subjects.  Personnel assisted in facilitating and disseminating 
as many as two weekly announcements per university to undergraduate and graduate students 
within the academic departments mentioned previously.  These introductory communications 
were dispersed via (1) the department's student email lists, (2) the instructors' course-specific 
email lists, (3) the instructors' online course announcement dashboards, and (4) individual 
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invitations at the administrator’s and instructor’s discretion to students whom they felt would be 
interested in participating.  These communications were designed to: 
1. Inform students of the research examination; and 
2. Invite both students who self-identify as African American women and students outside 
of the primary research group (i.e., males, minority students of non-African descent, etc.) 
to participate in an online inquiry exploring their past, present, and future academic 
interests, participation, and experiences in STEM-related fields.  The introductory 
communication is provided (see Appendix A). 
The online questionnaire, powered by Jotform.com’s online surveying and data collection 
system, was used to facilitate the querying of those students who volunteered to participate in the 
quantitative data collection process.  The online questionnaire included a social behavior 
research consent form, alerting volunteers that they would be taking part in a research study in 
which their anonymous responses would be recorded and published for academic purposes.  
Upon reading the consent form, respondents were asked to provide their first name, last name, 
current date, and university email address (ending in “.edu”).  Given the nature of the study, no 
signature was required to participate.  Once these conditions had been met, an active link was 
revealed, which then gave students access to the online questionnaire.  The exercise consists of 
25 multiple-choice, rating, Likert Scale, and (some) open-ended questions designed to examine 
the conditions that influence personal capacity, personal motivation, self-efficacy, and interest in 
pursuing academic opportunities in science and technology education.  The survey includes (but 
is not limited to) questions gauging:  
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1. When, where, and at what age students were first introduced to STEM learning 
(elementary, primary, and secondary-level education);  
2. The social, geographical, and structural conditions that impacted their ability to engage 
science and technology-based learning environments;  
3. The substance of any gender or racial conditions or biases that impacted their 
participation, sense of belief, or sense of belonging in STEM-related educational 
programming;  
4. Any economic or community-related factors that may have influenced their ability to 
access technology education, etc.   
The submitted responses to the online survey/questionnaire were archived via a 
password-protected cloud content management system, with student submissions recorded and 
labeled only by numerical pseudonyms or coded identifiers to protect the anonymity of the 
respondents.  No direct, personal, or identifiable information about the student will be reported in 




• Home city/state, 
• University of attendance (labeled only as either Site-A or Site-B), 
• University Classification, and  
• Major (as well as concentration, if applicable).  
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Each student's university email address was captured and archived to (1) ensure that each 
respondent was an enrolled student or recent graduate, and (2) to distribute remuneration (a $10 
Visa digital e-gift card), which was extended to the first 50 respondents of the survey.  The 
consent form (see Appendix B) and the research questionnaire (see Appendix C) have been 
provided. 
Secondly, qualitative studies were conducted as part of the mixed-methods assessment.  
Per a commitment from the primary and secondary research sites, one administrator from Site 
A’s Information Technology and Engineering department and one program and enrollment 
administrator from Site B’s Departments of Computer Science and Engineering participated in 
individual, 30–45-minute, semi-structured interviews via Zoom webcasts.  The goal of these 
explanatory exercises was to not only expand upon the empirical findings revealed through the 
review of the literature but to contextualize the experiential responses of students who 
participated in the quantitative study and to examine the social and institutional variances that 
(according to Winkle-Wagner & McCoy, 2018 and Leath & Chavous, 2018) make HBCUs more 
welcoming environments for underrepresented student populations.  As with student 
submissions, the instructor’s and administrator’s names were replaced with pseudonyms or 
coded identifiers to protect their anonymity.   Moreover, recordings of the interviews were 
archived via a password-protected cloud content management system.  No direct, personal 
information about the instructors was collected beyond his or her: 
• Race, 
• Gender (though the respondent is not required to provide this information), 
• Title/Academic Rank/Tenure, 
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• Years of experience, and 
• Courses/disciplines taught (if applicable). 
As the study's quantitative and qualitative functions are applied sequentially, the 
interviews were informed by a summary of the exploratory research findings.  Hence, the 
quantitative results, in addition to the peer-reviewed literature examined herein and the 
experiential accounts of the interviewee’s own academic and instructional history, framed the 
semi-structured nature of the qualitative research.  Similar to the quantitative study, personnel 
helped identify and invite instructors or administrators from each site to participate in qualitative 
interviews.  Moreover, instructors and administrators were provided with a digital version of the 
behavioral research consent form (see Exhibit D) in the days preceding the scheduled virtual 
interview.  Each interviewee received a copy of the consent form upon completing the research 
exercise.  The explanatory prompts have been provided as well as an interview consent form 
(please see Appendices D and E). 
Finally, the quantitative and qualitative findings were evaluated via Descriptive and 
Thematic systems of analysis.  According to Trochim (2006), employing descriptive statistics 
allows the researcher to summarize and expound upon the relationship between independent and 
collective findings.  Conversely, thematic analysis allows the researcher to translate data, or as 
Nowell et al. (2017) describe in their summary of Braun & Clark (2006), serves as an instrument 
for “identifying, analyzing, organizing, describing, and reporting” (p. 2) the research concepts 
revealed during the data collections process (Nowell et al., 2017).  Thus, combining these two 
systems of analysis, considering the sequential nature of this mixed-methods approach, was the 
appropriate medium for examining the combination of responses captured through the qualitative 
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and quantitative examinations.  The details of the sequential mixed methods research design, as 
outlined, are illustrated in Figure 3.   
 
Figure 3. Sequential Mixed-Methods Research Design 
As shown, qualitative analysis follows the statistical functions of the study.  Descriptive 
and thematic systems of interpretation are then applied to evaluate the findings, with the hopes of 
making conclusive determinations regarding: 
1. The social and institutional conditions that impact gender diversity and cultural 
representation in STEM education,  
2. The degree to which these factors impact African American womens’ participation, and 
DEVELOPMENT OF CONCLUDING ARGUMENTS
ASSESSMENT AND REVIEW OF THE RESEARCH FINDINGS
DATA INTERPRETATION
Quantitative: Descriptive Statistics Qualitative: Thematic Analysis
QUALITATIVE ANALYSIS: SEMI-STRUCTURED INTERVIEWS
Instructors and Administrators: Sites A and B
QUANTITATIVE ANALYSIS: ONLINE QUESTIONNAIRES
Students: Site A (HBCU) Students: Site B (PWI)
SEQUENTIAL MIXED-METHODS RESEARCH DESIGN
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3. In what ways the research findings could inform universities and instructors about the 
effectiveness of their inclusionary policies, administrative practices, and pedagogical 
systems of instruction. 
Institutional Review Board (IRB) Protocols 
Human Subjects Research Protocols were implemented to protect the ethics of the 
investigation and establish the systems of consent, recruitment, and research that would be 
applied during the study.  Protocols provided include (but are not limited to): 
• Identification of the research sites, 
• Participant demographics, 
• Processes for enlisting subjects and interviewees, 
• Procedures for assuring equitable representation and selection, 
• Research devices and tools, 
• Systems of informed consent, and  
• How the design of the research study minimizes risks to participants.  See Appendix F for 
a copy of the university’s notice of exempt determination and approval of the 
Institutional Review Board protocols. 
Additional Safeguards 
Additional protocols were implemented to protect the ethics of the investigation and 




• Protecting the identification of all research volunteers, subjects, and participants, and 
limiting the personal, demographic information captured during the study, 
• Instituting procedures for assuring equitable representation and selection as well as 
processes for enlisting survey respondents and interviewees, 
• Implementing recruitment processes and systems of informed consent,  
• Designing research devices and tools that minimize risk to research subjects, and 
• Protecting the identification of the research sites in the study during and upon completion 
of the final written work. 
Inclusionary Policies 
As this study aims to capture the past and current social experiences of African American 
women with academic and career aspirations in science and technology fields, female 
undergraduate and graduate students were targeted and thus represented the most recruited 
subject group.  Self-identified African American female students attending the universities listed 
as performance sites, who (1) are interested in and/or are currently pursuing an undergraduate or 
graduate degree in a technology-related field (computer science, engineering, mathematics, etc.), 
and (2) responded to research inquiry, were the primary participates of the online questionnaire.  
University administrators and professors with instructional expertise in the above-mentioned 
disciplines or with insight into diversity challenges within these learning fields were interviewed 







Figure 4 frames the timeline in which the study was implemented.  
 
Figure 4. Implementation Timeline 
As illustrated, the research study began in January of 2021, concluding in March of 2021, 
with the coordination, recruitment, enactment, interpretation, and conclusion of all scheduled 
research activities occurring within the three-month period.  
 
Jan 2021
•Coordination: The researcher coordinated with administrative personnel from Sites 
A and B to receive guidance on instituting qualitative and quantitative research 
protocols.
Jan - Feb 
2021
•Recruitment: Introductory communications and announcements were finalized and 
disseminated to student volunteers online (via email and course dashboards), 
inviting potential volunteers to participate in the study.
Feb - March 
2021
•Sequential Studies: The researcher secured 59 completed online questionnaires 
from undergraduate and graduate students from Sites A and B, followed by two 
interviews with administrators from Sites A and B.
March 2021
•Review and Interpret: The quantitative and qualitative findings of the study were 
be analyzed, interpreted, and summarized via Descriptive Statistical Analysis and 
Thematic Analysis.
March 2021
•Conclusion: Finally, the researcher examined the relationship between the findings 





Notwithstanding the advantages of applying a mixed-method approach and the benefits 
of being assisted by two esteemed institutions, the research strategy is not without its limitations. 
First, due to administrative and logistical challenges brought on by the state of North Carolina’s 
(and each respective institution’s) public policy response to the coronavirus (COVID-19) 
pandemic, the level of student participation and engagement for this study was challenging to 
gauge.  Considering the nature in which many universities have resorted to non-traditional or 
even hybrid pedagogical systems of instruction, where faculty and students interact in 
synchronous and asynchronous learning environments to preserve the well-being of student 
populations, how these kinds of adjustments impacted each site’s ability to recruit students, or if 
these conditions limited participation, is unknown.  Moreover, as many students have 
transitioned into online learning, some instructors may have considered the task of providing 
administrative guidance to non-university affiliated research studies, disseminating weekly 
emails unrelated to their coursework, or postings research requests to their course announcement 
boards to be arduous or immaterial to their daily instructional activities, affecting their level of 
contribution to the goals of a shared academic objective.  To this end, the depth of our volunteer 
pool and the level at which instructors would commit to supporting the data collection phase of 
the research study considering the effects of COVID-19 on their respective learning 
environments, is uncertain.   
Also, the size of the study may have limited the scope of the findings.  As the study 
captured 59 respondents and two interviewees, more data may have been needed to more 
accurately conclude whether the conditions examined truly impact the state of diversity in STEM 
fields of education.  More specifically, deciding how much data is sufficient was a challenge, 
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considering the subjective nature of the qualitative findings and the questionnaire’s reliance on 
experiential data.  Lastly, as mentioned more broadly, it can be argued that contextualizing data 
through the lens of social philosophy can, in itself, be restricted, particularly in consideration of 
the theoretical framework through which the findings are being reviewed (i.e., the impact that 
Critical Race Theory, Critical Race Feminism, and Phenomenological Variant Ecological 
Systems Theory have on racial and gender representation, as stated in the literature).  Hence, 
designing research tools that neither impeded nor persuaded the substance of a subject’s 




CHAPTER 4: FINDINGS 
Quantitative Study and Descriptive Statistical Analysis 
As mentioned in Chapter 3, Trochim (2006) suggests that applying descriptive statistical 
methods of analysis allows the researcher to contextualize the relationship between (1) a 
subject’s responses to each inquiry of a qualitative study and (2) the collective, independent 
responses of all subjects within the broader research group.  Moreover, applying descriptive 
statistical analysis to assess the data through the perspective of peer-reviewed literature aids in 
producing a more comprehensive interpretation of the findings, given its capacity to either 
expand or challenge other academic works on the topic.  Hence, concerning this specific 
examination, descriptive statistical analysis was used to establish determinative connections 
between a range of variables, including (but not limited to): 
1. How a student’s social experience as a member of an underrepresented community or 
population impacts both their initial and sustained interest in STEM education (Sheilds, 
2010; Neuman & Celano, 2012; Kumar, 2016; Hutton, 2019);  
2. The impact of the digital divide and how disparities in access to educational technology 
negate a student’s capacity to access and engage with STEM learning at the elementary, 
primary, and secondary levels (Hargittai & Hinnant, 2008; Resta & Laferrière, 2015; 
Kandlhofer et al., 2016; Weiss, Yates, & Gulati, 2016); 
3. The degree to which systemic racism, institutionalized gender bias, and social ecology 
influence self-efficacy, self-perception, participation, and an African American female 
student’s sense of belonging in science and technology fields of learning (Bell, 1976; 
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Bell, 1992; Galloway, 2012; Fact Sheet, 2016; Rosa & Mensah, 2016; Morton & Parsons, 
2018); and finally, 
4. How cultural representation within an institutional environment and the structural 
conditions of a student’s post-secondary educational experience impacts motivation, 
performance, and academic outcomes in STEM disciplines (Jones, 2016; Christie et al., 
2017; Sardelis, Oester, & Liboiron, 2017; Jackson, 2018; Leath & Chavous, 2018; 
Winkle-wagner & McCoy, 2018). 
Each of these variables aids in addressing the primary and secondary research questions 
of this study, which include the following:  
1. What social, economic, structural, and institutional conditions are the leading cause for 
the underrepresentation of African American women in secondary and post-secondary 
STEM learning environments? 
2. To these factors, is the lack of diversity in STEM a magnification of gender inequality 
throughout science and technology-based education, or is it a consequence of systemic, 
ecological, and cultural factors unique to African Americans' social experiences? 
3. In what ways are Historically Black Colleges and Universities improving equity, 
inclusion, retention, and academic outcomes in STEM among African American female 
student populations? 
Moreover, the collective theoretical framework used to examine these questions (Critical 
Race Theory, Critical Race Feminism, and Phenomenological Variant Ecological Systems 
Theory), the sequential nature in which the study was conducted, and the application of 
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descriptive statistical analysis allowed for an informative and revealing appraisal of the 
qualitative findings.  Therefore, the following summarizes and illustrates the data captured in the 
quantitative portion of the study.  Figure 5 outlines the sequential stages of the mixed-method 
design used in the research process, beginning with the development of systems for collecting 
quantitative and qualitative data and concluding with an investigation of the relationship between 
the literature, the findings, and the research questions. 
 
Figure 5. Sequential Mixed-Method Design  
Social Demographics of Participants  
With support and guidance from Site-A’s School of Business and its Computational 
Center for Fundamental and Applied Science Education, and Site-B’s Institute for Research in 
Social Science, the quantitative study was introduced on February 10th, 2021.  Students’ first 
interaction with the study was on February 14th, when associates at Sites A and B began 
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disseminating correspondence to potential subjects.  Approximately 59 individuals participated 
in the online survey, consisting of 33 undergraduate students (55.9%), 22 graduate students 
(37.3%), and four December 2020 graduates of master’s level coursework in science and 
technology disciplines (6.8%).  Of those who participated, 51 students self-identified as female 
(86.4%), six self-identified as male (10.2%), and two participants selected not to answer this 
specific prompt (3.4%).  56 of the 59 respondents identified themselves as being African 
American (94.9%), and three identified as “Other,” stating that they were multi-racial (5.1%). 
In terms of enrollment, 28 of the respondents were full-time students attending Site-A, 26 
were full-time students attending Site-B, and five were part-time students enrolled in Site-B’s 
Center of Continuing and Professional Studies, which serves as a pathway for full-time 
enrollment at the university.  Of the 59 students who participated, 30 (50.8%) were between the 
ages of 18-22, 10 (16.9%) were 23-27, five (8.5%) were 28-32, and 14 (23.7%) were 33-37.  
Lastly, it is worth mentioning that 44 of the 59 students (74.5%) stated that they were originally 
from North Carolina, with 26 of the 28 students at Site-A stating that they were from the state, 
most notably Charlotte, NC (18.2%), Raleigh, NC (6.8%), Greensboro, NC (11.4%), and 
Durham, NC (31.8%).   Table 1 illustrates the demographic makeup of the respondent pool. 
Table 1. Social Demographics of Participants of the Quantitative Study 
                       Institution:            Gender:                          Race/Ethnicity:    Academic Level:          Age:             .      
                       Site-A:    Site-B:    Female:  Male:   Other:   Afr. Am:  Other:    UG:      Grad:    Other:  18-22:  23-27 
Subjects (#):   28           33            51          6           2           56             3            33         22         4          30         10     . 
Subjects (%):  47.5%    52.5%      86.4%   10.2%   3.4%     94.9%       5.1%     55.9%   37.3%   6.8%   50.8%   16.9% 
 
                       Age (continued):   NC-based Students:                                                            Out of State Students: 
                       28-32:    33-37:       Durham:  Raleigh:  Greensboro:  Charlotte:  Other (NC):   Out of State:                .  
Subjects (#):   5           14               14             3               5                   8              14                   15                                . 





Disparities in Early-Stage STEM Participation 
The participants' social demographics also provided context for examining how and when 
African American female students are introduced to STEM learning.  As displayed in Table 1, 
over half of the subjects were between the ages of 18-22.  Interestingly, per questions Q9 – 
Q12(A) of the survey (see Appendix C), the vast majority of these subjects responded similarly 
in describing the following elements of their experience in STEM education: 
1. The stage of their educational journey in which they were introduced to STEM learning 
(specifically coding, robotics/engineering, and computer programming), as 76.7% of 
subjects ages 18-22 responded that their first interaction with STEM learning activities 
wasn’t until grades 8-9, 
2. The kinds of STEM activities they participated in before attending college, with 
approximately 76.2% of all respondents sharing that their engagement was limited to 
science fairs, math competitions, Boy or Girl Scout STEM-related activities, or Code.org 
programming education, rather than more specialized programs like F.I.R.S.T. LEGO 
Robotics, F.I.R.S.T. Tech Challenge, Aerospace engineering labs, or drone flight 
education,  
3. The absence of designated STEM educational programming in their K–5th-grade or 6th – 
8th-grade learning environments, as only 13.3% of students ages 18-22 and 20% of 
student 23-27 mentioned having attended an elementary or primary school with an 
assigned science and technology education program, with all other age groups not having 
had access to in-class STEM learning at that age, and finally, 
4. The shared experience of having attended public school, as 91.5% of all participants and 
85.7% of students from Site-A responded that they had a public K-12 education. 
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Reflecting upon the peer-reviewed literature examined in Chapter 2, the experiential 
findings, in many ways, correspond with the themes investigated by Jones (2010) and Neuman & 
Celano (2012), specifically as it relates to access and inclusivity.  Jones’ (2010) research studied 
the influence of the National Consortium of Secondary Stem Schools of Mathematics, Science 
and Technology (NCSSSMST) to examine how diversity outcomes in primary and secondary 
STEM education are (at least in part) a consequence of structural variances between the 
educational experiences of students who attend STEM-focused schools, and those who do not.  
Per the survey, while all students who participated had some exposure to technology education 
beginning in the 10th grade, only two out of the 59 respondents attended a primary or junior high 
school (grades 6-9) with a designated STEM education program.  Respondents ages 28-37 were 
even less likely to have been exposed to STEM education in their schools before entering the 
secondary level, as most admitted to having no STEM experience prior to the 10th grade.  
Moreover, none of the participants attended a specialized or residential STEM institution like the 
NC School of Science and Mathematics in Durham, NC, which is within the same state as Site’s 
A & B and is within 150 miles of all of the home cities of students who responded as being 
originally from the state of North Carolina.  Table 2 illustrates the lack of early-stage 
participation in STEM learning, specifically at the primary and secondary levels. 
Table 2. Early-stage Participation in STEM 
                                            Grades Introduced to STEM:   STEM in School:   Public School:   STEM Activities:   
                                            K-4:   5-7:       8-9:       10-12:      Yes:        No:           Yes:     No:         Science Fair:      .   
Subjects Aged 18-22 (%):  0%     13.3%   76.7%    10%         13.3%    96.7%       3%       97%        26.7%                 . 
Subjects Aged 23-27 (%):  0%     20%      50%       30%         10%       90%          10%     90%        40%                    .  
Subjects Aged 28-32 (%):  0%     0%        60%       40%         0%         100%        20%     80%        40%                    . 
Subjects Aged 33-37 (%):  0%     0%        28.6%    71.4%      0%         100%        7.1%    92.9%     14.3%                 . 
Total # of Subjects:            0         9           32          18             5            54             5           54           16                        . 






Table 2. (cont.) 
                                            STEM Activities (continued):                                                                                           .                     
                                            Math Comps:   Coding:   Robotics:   F.I.R.S.T.:   Drone Flight:   Aerospace:  Astronomy: 
Subjects Aged 18-22 (%):  56.7%               100%       66.6%        10%             10%                0%               0%             .   
Subjects Aged 23-27 (%):  50%                  100%       70%           10%             20%                0%               0%             . 
Subjects Aged 28-32 (%):  40%                  60%         20%           0%               0%                  0%               0%             . 
Subjects Aged 33-37 (%):  64.3%               14.3%      0%             0%               0%                  0%               0%             . 
Total # of Subjects:            33                      47            28              4                   5                     0                  0                . 
% of Total Subjects:           55.9%               76.2%      47.5%        6.8%            8.5%               0%               0%        
 
Considering Jones’ (2010) framing of racial disparity through the context of privatized 
and specialized education and Neuman & Celano’s (2012) study of inclusion and the experiential 
variances that determine how students access technology education at the primary level, it could 
be argued that this study’s findings not only corresponds with the literature’s themes of racial 
disparity in STEM learning but further suggest that the absence of African American female 
representation is as much a byproduct of institutional disenfranchisement as it is systemic 
inequities.  The authors suggest that systems of exclusion and social ecology disproportionately 
impact disparities in access and participation amongst underserved and underrepresented 
communities of primarily African American students.  The findings support this argument in its 
illustration of how: 
1. Respondents who attended public schools had drastically different experiences in 
technology education in comparison to Jones’ (2010) description of their peers at 
residential STEM academies, and  
2. 40% of respondents aged 28-32, 71.4% of respondents aged 33-37, and 30.5% of all 
respondents had no exposure to STEM learning prior to the 10th grade, which aligns with 
Neuman and Celano’s (2012) research on students' varying experiences of different 
social, racial, economic, and ecological backgrounds.   
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Aside from the absence of STEM programming in a majority of the participants’ public 
schools, the overall lack of participation in STEM learning, the survey determined, also 
coincides with challenges related to: 
• Instructional diversity, 
• The digital divide, and 
• Social & racial biases, all of which are examined in the sections to follow.   
Thus, examining the students’ introduction to STEM in the context of the literature 
reviewed herein amplifies the social and racial challenges presented in the peer-reviewed work.   
Non-traditional Learning and Peer/Instructional Diversity 
Jackson’s (2018) and Hutton’s (2019) research suggests that cultural representation, 
particularly in instruction, provides African American students with a more profound sense of 
belonging and a heightened level of personal motivation.  Moreover, Young et al.’s (2017) study 
of how the intersectional nature of an African American female student’s cultural identity shapes 
socialization patterns implies that social, racial, and gender representation in STEM learning 
environments are vital to improving interest, retention, and academic outcomes.  This study also 
examined cultural representation in its assessment of students’ experiences in STEM, but 
through the context of (1) the racial and gender makeup of their peer and instructor groups and 
(2) their engagement in STEM-based after school and extracurricular activities, given their 
limited exposure to dedicated technology-focused learning in their primary and secondary 
public-school environments.   
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With 91.5% of participants noted having had no STEM-specific learning in their primary 
and secondary schools, according to the data, not only were many of the participants of this study 
not introduced to STEM education until midway through the secondary level of their academic 
journey, but most had to engage in STEM learning outside of traditional classrooms.  These 
environments included (according to their responses) but may not have been limited to: 
• Community programs in partnership with local non-profits and tutoring centers, 
• Community college and local university cohorts, 
• Undergraduate and graduate student-led events held at local community centers, and 
• Church & faith-based community events. 
Considering these environments served as an access point, given the absence of 
technology education in the students’ respective primary and secondary schools, the data 
suggests that non-traditional, community-sponsored education has contributed mightily to 
improving both peer and instructional representation in STEM education.  As discussed 
previously, Hutton (2019) infers that equity and inclusion are best achieved when diversity is 
reflected in both student enrollment and administrative/instructional leadership.  Comparatively, 
the survey revealed that because participants were far more likely to have participated in 
extracurricular STEM activities, they were also more likely to have experienced more diverse 
STEM learning environments.  Of the 56 students who responded as having participated in out-
of-school STEM programming in either primary or high school, 39 (69.6%) had an instructor of 
color.  More specifically, 70% of students surveyed between the ages of 18-22 had an 
instructor/mentor of color, (26.7%) had a female instructor, and 76.6% had a peer group that 
consisted of at least 35% African American students, and 35% females.  Students ages 23-27 
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also had more diverse experiences than older subjects but responded as having substantially 
fewer female peers in the learning spaces they engaged and fewer minorities.  This infers that 
while diversity is an ongoing challenge, non-traditional learning environments and community-
focused afterschool and extracurricular programs that target underrepresented populations are 
intentional about the social and cultural identity of both the students they engage and of those 
who lead and instruct the programs.   
Table 3 illustrates the relationship between students’ participation in community-
sponsored programming and the likelihood of their peers and instructors being racially and 
socially diverse, suggesting that extracurricular learning environments are more inclusive of 
underrepresented student populations. 
Table 3. Instructor and Peer Diversity in After-School STEM Programs 
          Percentage of Instructors:        Percentage of Peers (%):                                                      . 
                                    Minority:        Female:             African American:                    Female:                                . 
                                    Yes:     No:      Yes:       No:       <5-15:  16-25:  26-35:   >35:      <5-15:  16-25:  26-3:5   >35:. 
30 Subjects – 18-22:   70%     30%     26.7%    73.3%  0%        3.3%    10%      76.6%   26.7%   0%       0%      76.6%                 
10 Subjects – 23-27:   70%     30%     40%       60%     0%        20%     10%      70%      40%      20%     20%    20%  .             
5 Subjects – 28-32:     60%     40%     60%       40%     0%        20%     20%      60%      80%      20%     0%      0%    .       
11 Subjects – 33-37:   72.7%  27.3%  28.6%    71.4%  36.4%   18.2%   9.1%    36.4%   85.7%   14.3%  0%      0%    .                 
 
The Digital Divide, Family Influences, and Mentors of Color 
 The study also attempted to quantify the impact of the digital divide on a student’s 
capacity to access educational technology at the secondary level and the influence of family 
members in determining a student’s post-secondary interest in STEM fields.  In reflecting on 
previously reviewed works, Resta & Laferrière (2015), Hargittai & Hinnant (2008), Weiss, 
Yates, & Gulati (2016), Kandlhofer et al. (2016), and Neuman & Celano (2012) infer that 
inhibited access to digital resources impedes a student’s ability to thrive in innovative fields of 
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education.  Furthermore, Kumar’s (2016) research suggests that family members shape a 
student’s sense of belonging, particularly in areas of study where they are socially and culturally 
underrepresented.  With these studies in mind, the subjects were prompted to examine the nature 
of their environmental influences and reflect on their motivations to pursue academic and 
vocational careers in STEM.  Bearing in mind that most of the respondents did not have a 
designated STEM program in their schools and engaged in STEM learning via afterschool or 
extracurricular programming, subjects acknowledged that their parents, caregivers, or mentors 
encouraged them to pursue science and technology education.  Though only eight of the 59 
students had an older sibling who had previously participated in a STEM program and none were 
acquainted with or related to someone who worked in a science-related field, 85.7% of 
participants between ages 18-22, 70% of participants between 23-27, and 80% of participants 
between 28-32 noted that their decision to study a STEM discipline in college was encouraged 
by a parent or advisor.   
Moreover, parents’ encouragement of their children to participate in afterschool and 
community-sponsored STEM programs, the findings determined, was due (at least in part) to 
limited access to computers and educational technology systems inside the home.  According to 
the findings, 92.8% of older participants of the study, students aged 33-37, responded as having 
had limited access to computers and high-speed internet during the primary and secondary stages 
of their academic career.  However, it is also worth mentioning that younger subjects, ages 18-
22, 23-27, and 28-32, did not overwhelmingly answer in the affirmative when asked about 
having access to both reliable access to a computer and high-speed internet.  78.6%, 60%, and 
60% of 18-22, 23-27, and 28-32-year-old students, respectively, answered “Yes” to having 
access to a reliable computer at home, and 71.4%, 50%, and 40% answered “Yes” to having 
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access to high-speed internet.  For those who answered, “No,” their written responses describing 
how they were able to access a computer or the internet included “a relative’s (or neighbor’s) 
home,” the student’s “school library,” or “a local community center” (which is interesting given 
many of the respondents’ active participation in non-traditional, after-school community-based 
programs).  Students were also asked if they have (or currently) teach, mentor, or volunteer in a 
STEM environment, of which 83% answered “Yes,” suggesting a shared desire to invest in the 
kinds of programs that helped them explore their interests in science and technology education.   
Considering, again Kumar’s (2016) research on the positive impact that mentors have on 
a student’s desire to pursue STEM learning and the structure of the environments many of the 
participants engaged in during their primary and secondary years, the data would suggest a 
growing need for non-traditional STEM education.  Moreover, the literature indicates that 
authors like Resta & Laferrière (2015) and Hargittai & Hinnant (2008) would consider students’ 
desire to mentor a welcome development, given their respective studies on the growing need to 
challenge the social disparities created by the digital divide and exclusionary policies. 
Gender and Racial Bias 
The findings of this study also support Charleston et al.’s (2014), Ireland et al.’s (2018), 
Young et al. (2017), and the White House Initiative on Educational Excellence for African 
Americans’ (2016) respective studies on the compounding effects of the intersectional 
experience of racial and gender discrimination in STEM education.  Participants were asked if 
they experienced social, racial, or gender bias.  Of the 59 respondents, 52 (88.1%) stated that 
they had been subjected to some form of prejudice.  When asked to describe their experiences, 
some provided the following: 
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Student A: I was told that my school’s math club wasn’t accepting new members, but 
later found out that several of my white peers were allowed to join days after I was 
denied. I wasn’t given an explanation, and I never joined. 
Student B: I wanted to participate in my junior high school science fair but was told by a 
teacher that I would probably be better suited for other things, like track and field, dance, 
or something in the arts. 
Student C: One of my teachers tried to convince me not to join an afterschool coding 
program because he felt that I wouldn’t enjoy it, seeing how I would be the only girl.  It 
turns out that I would’ve also been the only black student. I did not participate. 
Student D: My parents tried to get me enrolled in my school’s science summer camp, but 
somehow my application kept getting misplaced.  My mom hand-delivered it to a 
guidance counselor and was told that it had to be completed online.  Some of my friends’ 
applications (who happened to be white) delivered applications that same day with no 
issue.  My mom just so happened to work at the community college that was sponsoring 
the camp and returned it to the science department.  It was accepted.  The school called 
and apologized but didn’t explain why they refused my application.  I was one of only 
two black students in the program, and I remember feeling excluded the entire week. 
Student E: When I was in 9th grade, I tried joining a competitive robotics league but was 
told that I was too young.  What I was not told, however, is that the club had multiple age 
groups so anyone could sign up.  I remember other black kids being told the same thing, 
and it wasn’t until our parents complained that their kids were being singled out that they 
clarified.  It was almost like they didn’t want us on the team, and most of us didn’t join. 
 
96 
Participants were also asked if they observed bias, of which  91.5% responded that they 
had witnessed some form of prejudice, again referencing occurrences in their respective schools.  
Hence, student disenfranchisement and the systemic nature of these exclusionary practices 
further explain (1) why there were so few opportunities for underrepresented students in schools 
and (2) why most found comfort in after-school, community-based, STEM programs, which 
were often more diverse.  Figure 6 illustrates four of the quantitative study's statistical highlights, 
including the recorded impact of the digital divide and the respondents’ experience with racial 
and gender bias in learning environments. 
 
Figure 6. Highlights of Quantitative Findings 
The findings also suggest that the unique combination of the subjects’ experiences (the 
disparities in how and when they were introduced to technology education, the social conditions 
of the environments they were excluded from in comparison to the environments they engaged 
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in, etc.) influenced their desire to pursue specific fields of STEM education.  As was examined in 
the literature, while (at the time of the respective studies) women accounted for half of all 
bachelor degrees earned in computing disciplines, black women only represented a fraction of 
undergraduate, graduate, and doctorates earned in science and technology fields, a consequence 
of, according to the literature, social and structural systems of inequity that hinder participation 
and stifle academic outcomes (Charleston et al., 2014; Fact Sheet, 2016; Young et al., 2016; 
Rosa & Mensah, 2016).  The students’ responses to questions assessing their interests in specific 
STEM subjects support the literature’s implications of how access, motivation, and the 
intersectionality of a student’s self-perception not only influence academic outcomes but 
contribute to the underrepresentation of women in advanced STEM vocational fields (Charleston 
et al., 2014; Mullins, 2018; Young et al., 2017).    Students were asked to express their current 
interest in 11 disciplines, ranging from Physics and Environmental Protection to Cybersecurity 
and Robotics.  The sectors that participants found most interesting were Computer Science 
(74.6%) and Engineering (71.2%), with students finding Medicine (33.9%) and Robotics 
(30.5%) less attractive, and Artificial Intelligence (28.8%) and Physics (8.5%)  the least 
interesting of the 11 disciplines.   
These results brought to mind earlier responses to a prompt inquiring about the kinds of 
programs students participated in during their primary and secondary years.  Most students 
selected science fairs and math competitions as opposed to more advanced, specialized 
programs.  Moreover, it evokes an examination of representation and equity by Dr. Jedidah Isler, 
who, as mentioned previously, became the first African American woman to earn a doctorate in 
Astrophysics from Yale University.  As she insists in her TED Talk, her perception of the range 
of possibilities an academic and vocational career in science could produce, and her ability to 
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navigate the intersectionality of her own experience in pursuit of those possibilities, were 
enhanced by her experience on an HBCU campus.  Given (as Locket, Gasman, & Nguyen (2018) 
suggest) the cross-sectioning of racial and gender marginalization, she would also admit to 
having experienced racial bias and microaggression along her journey at a predominately white 
institution (TED, 2016).  Hence, the section to follow will assess the students’ responses to their 
respective institution’s approach to diversity and inclusion.  Table 4 and Figure 7 illustrate 
students’ responses to the inquiries about their level of interest in STEM disciplines. 
Table 4. Students’ Level of Interest in STEM Disciplines 
                                     Physics:                                     Environmental Protection:     Biology and Zoology            .                     
                                     Not at all:  Somewhat:  Very:    Not at all:  Somewhat:  Very:    Not at all:  Somewhat:  Very:  
Subjects Aged 18-22:  20%           66.7%          13.3%  63.3%        36.7%          0%        13.3%       50%           36.7%.   
Subjects Aged 23-27:  40%           60%             0%       70%           20%             10%      0%            50%             50% . 
Subjects Aged 28-32:  40%           60%             0%       20%           60%             20%      0%            20%             80% . 
Subjects Aged 33-37:  21.4%        71.4%          7.1%    57.1%         0%              42.9%   7.1%         64.3%        28.6%. 
Total # of Subjects:     15              39                 5          35               16                8           5                30                24    . 
% of Total Subjects:    25.4%        66.1%          8.5%    59.3%         27.1%         13.6%   8.5%         50.8%        40.7% 
                                 
                                     Mathematics:                            Medicine:                                  Computer Science               .                     
                                     Not at all:  Somewhat:  Very:    Not at all:  Somewhat:  Very:    Not at all:  Somewhat:  Very:  
Subjects Aged 18-22:  13.3%        73.3%          13.3%   0%            80%             42.9%   0%            33.3%        66.6%.   
Subjects Aged 23-27:  30%           60%             10%      0%            40%             60%      0%            0%              100%. 
Subjects Aged 28-32:  0%             60%             40%      0%            60%             40%      0%            20%             80% . 
Subjects Aged 33-37:  0%             42.8%          57.1%   14.3%       42.9%          42.9%   0%            28.6%        71.4%. 
Total # of Subjects:     7                 37                15         2                37                20         0               15                 44    . 
% of Total Subjects:    11.9%        62.7%          25.4%   3.4%         62.7%          33.9%   0%            25.4%        74.6%. 
 
                                     Chemistry:                                Engineering:                             Cybersecurity:                     .                     
                                     Not at all:  Somewhat:  Very:    Not at all:  Somewhat:  Very:    Not at all:  Somewhat:  Very:  
Subjects Aged 18-22:  6.7%          50%             43.3%  10%           13.3%          76.7%   6.7%         56.7%        36.7%.   
Subjects Aged 23-27:  10%           50%             40%     30%           10%             60%      20%          20%             60% . 
Subjects Aged 28-32:  40%           60%             20%     0%             80%             20%      0%            80%             20% . 
Subjects Aged 33-37:  7.1%          50%             42.9%  0%             14.3%          85.7%   0%            42.8%        57.1%. 
Total # of Subjects:     5                 30                24        6                 11                42         4                29                26    . 












Table 4. (cont.) 
                                     Robotics:                                   Artificial Intelligence:         .                     
                                     Not at all:  Somewhat:  Very:    Not at all:  Somewhat:  Very:     
Subjects Aged 18-22:  0%             83.3%          16.7%  0%             76.7%        23.3%.   
Subjects Aged 23-27:  0%             30%             70%     0%             40%             60% .         
Subjects Aged 28-32:  40%           60%             0%       0%             80%             20% .          
Subjects Aged 33-37:  21.4%        35.7%          42.9%  14.3%        64.3%        21.4%.         
Total # of Subjects:     5                 36                18         2                40                17    . 





Figure 7. Pie Chart of the Respondents’ Expressed Interest in STEM Fields 
Inclusion – HBCUs vs. PWIs 
Participants completed a series of questions designed to gauge their perception of their 
university’s commitment to inclusion, accessibility, and diversity.  Questions ranged from 
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assessing how welcoming and friendly administrators were to how racially and socially diverse 
the makeup of instructional leadership.  Of the 28 students who attend Site-A, the responses were 
overwhelmingly positive, with 100% of respondents finding their administrators and instructors 
welcoming, inclusive, unbiased, accessible, impartial, racially diverse, and invested in their 
academic success.  24 of the 28 participants (85.7%) found their administrators to be friendly and 
78.6% found their departments to be socially diverse (with respect to gender).  Conversely, the 
31 students affiliated with Site-B (again, 26 full-time and five enrolled in the institution’s School 
of Continuing Studies) had a much different experience.  While 80.6% considered the 
administrative and instructional staff friendly, 77.4% accessible, and 70.1% invested in their 
academic and career success, less than 50% felt that their instructors and the makeup of their 
department leadership were inclusive or racially diverse enough in their interaction with black 
female students.  Table 5 and Figure 8 illustrate the respondent’s perception of their university’s 
commitment and application of inclusionary policies and assessed how welcoming, unbiased, 
impartial, etc., their overall experience has been with instructors.  
Table 5. Students’ Social Experience with Instructors at their Respective Institutions 
                                             Site-A (HBCU, 28 students):                Site-B (PWI, 31 students):                . 
                                             Yes (#):   Yes (%):    No (#):   No (%:)  Yes (#):   Yes (%):    No (#):   No (%:)        
Welcoming:                  28            100%         0             0%          18            58.1%        13           41.9%    
Inclusive:                   28            100%         0             0%          14            45.2%        17           54.8%      
Unbiased:                  28            100%         0             0%          16            51.6%        15           48.4%      
Accessibility:                  28            100%         0             0%          24            77.4%        7             22.6%      
Friendly:                  24            85.7%        4             14.3%     25            80.6%        6             19.4%           
Impartial:                  28            100%         0             0%          18            58.1%        13           41.9%      
Racially Diverse:                 28            100%         0             0%          10            32.2%        21           67.7%      
Socially Diverse (gender):  22            78.6%        6             21.4%     19            61.3%        12            38.7%           





Figure 8. HBCU and PWI Students’ Perception of their Social Experience 
Lastly, participants were also asked to contribute to a Likert Scale survey to determine a 
pathway for improving racial and gender diversity at the elementary, primary, and secondary 
levels.  Considering their own experiences and what they’ve learned through their academic 
studies, students were asked to reflect upon the current state of STEM education, specifically in 
public schools.  In doing so, their feedback suggested the following factors are the biggest 
inhibitors to diversity and representation in K-12 STEM education: 
• Too little time is spent on STEM subjects in elementary school, 
• Teachers do not have curriculum materials that are up to date with the newest 
developments in these subjects, and  
• Students lack interest in learning about these subjects. 
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Again, considering the participant’s responses regarding (1) the disparities in how black 
women and girls access STEM learning environments, (2) how many were introduced to STEM 
education in the later stages of their secondary experiences and via non-traditional spaces, and 
(3) the absence of structured STEM-based programming in many of their primary and secondary 
schools, the students’ feedback is in many ways a reflection of the issues revealed in the broader 
research study.   
Qualitative Study and Thematic Analysis 
As the quantitative and qualitative functions of this study were sequential, the second 
stage of the assessment consisted of two separate interviews with two administrators, one from 
Site-A and one from Site-B.  The explanatory element of the study is designed to (1) capture the 
interviewees’ personal and professional insights regarding the challenges African American 
female students face in STEM education, (2) assess the findings from the quantitative exercise to 
examine further the conditions believed to have inhibited students’ participation in K-12 
environments, and (3) to discuss possible solutions to the structural and institutional barriers that 
hinder access, participation, representation, and academic outcomes amongst black women in 
science and technology fields of learning.  Thematic Analysis was applied, as Nowell et al. 
(2017) explain in their description of the methodology, to provide interactive and reflexive 
processes for examining the study's qualitative elements.  This cooperative element was 
particularly vital considering the quantitative findings informed the qualitative exercise, making 
it even more appropriate that a system allowing for “theoretical freedom” of analysis, 
organization, and reporting be employed (Nowell et al., 2017, p. 4).  Hence, in the context of this 
study, Thematic Analysis complemented Descriptive Statistical Analysis given the sequential 
nature in which the research was conducted. 
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Central Tenets of the Qualitative Research 
While the semi-structured characteristics of the qualitative study allowed for expanded 
questioning and discussion about a number of adjacent topics; specifically the effects that race, 
gender, institutional racism, systemic bias, structural inhibitors to consistent access and 
participation, the digital divide, and institutional policy have on the underrepresentation of black 
women and girls in science fields; each interview centered around a framework of six, central 
lines of questioning, which included the following: 
1. What are your thoughts on the state of diversity in STEM education, both in instruction 
and enrollment?  
2. What would you consider the primary drivers of the apparent disparities in representation 
amongst African American women in STEM education?  
3. How do access, participation, the digital divide, mentorship, self-efficacy, and culturally 
representative instruction impact racial and gender disparities?  
4. Why do you believe there are so few black women in STEM fields of education, both in 
academic environments and along vocational pathways?  
5. What are HBCU’s doing to improve access and participation amongst black women?  
6. Are HBCU’s uniquely positioned to improve participation, retention, and representation 
in STEM?  
 The first interview was conducted on March 5th, 2021, with an African American 
administrator from Site-A.  Having more than 10-years of experience as an educator and 
administrator of computing-related studies, most of which were at an HBCU, the individual was 
well equipped to contextualize how race, gender, and intersectionality impede equity and stifle 
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cultural representation in STEM education.  The second interview was conducted on March 6th, 
2021, with a Caucasian administrator from Site-B.  The individual contributes to a university-
wide diversity effort to improve equity and participation of minority students at the secondary 
and undergraduate levels, while also informing local citizenry and stakeholders about research 
and engagement opportunities the university offers under-served and underrepresented student 
populations.  Participants were given pseudo labels, Interviewee A (Site-A) and Interviewee B 
(Site-B), to protect their anonymity.  The following summary draws attention to each interview's 
more notable discourse, which lasted 36 minutes and 41 minutes, respectively. 
Interview A (Site-A) – HBCUs, Systemic Racism, and Critical Race Theory 
 Professor Bell’s (1976) contributions to the design of the foundation of critical race 
theory via his academic investigations of the long-standing and far-reaching impact of 
institutional and structural racism were principal themes of my discussion with Interviewee A.  
As an African American instructor and an alumnus of an HBCU whose work and academic 
research interests have focused squarely on the need for more significant racial equity in 
technology-centered spaces, examining social diversity in STEM fields, the interviewee believes, 
must be observed through the lens of racial philosophy.  When asked: “What would you consider 
the primary drivers to the apparent disparities in representation amongst African American 
women in STEM education?” Interviewee A replied: 
Interviewee A: First, we must acknowledge the glaring disparities across the black 
experience spectrum in America.  STEM is a relatively new topic, but Brown v. Board of 
Education is not.  Nor are the terms “separate but equal,” “segregation,” or “whites only.”  
There is an innate desire to separate ourselves from the history that created the disparity 
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as if disparities in education aren’t a byproduct of our nation’s struggle to come to terms 
with its original sin… As a black man, you know this.  You’ve lived this, and as an 
academic, I respect the objectivity in the tone of the question.  But, when we see so few 
black faces in a sector when there are so many brilliant minds, the disparity is at least a 
consequence of what we as African Americans have no real control over but have 
somehow managed to thrive in spite of…  You began by mentioning that Critical Race 
Theory and Critical Race Feminism are central to your research.  I think that’s 
appropriate because until the academic community sees race as a “current” hurdle and not 
one that is a former, historical issue, we’ll continue to deal with it...  But I think race is at 
the center.  And gender as well.  Black women are a double-minority, and society has two 
chances to marginalize their aptitude, skills, and abilities… So, my feeling is the disparity 
is rooted in a history of disparity.  The civil rights movement and the women’s suffrage 
movement.  A fight on both sides of their identity. 
 If the primary contributors to the underrepresentation of black women in STEM being 
disparities in race and gender, Jones’ (2010) and Winkle-Wagner & McCoy’s (2018) research 
gives way to subsequent issues, such as challenges in the academic recruitment of African 
American students, inadequate enrollment in STEM learning environments, etc.  To this end, 
when asked specifically about “the challenge of enrollment and recruitment, even more broadly, 
what would you consider the primary drivers of the apparent disparities in representation 
amongst African American women in STEM education?” Interviewee A responded: 
Interviewee A: One is the general misconception that we (black people) aren’t adequately 
represented because there isn’t enough interest.  Our outreach efforts would tell you that 
black students are highly interested in STEM.  They live the results of tech advancements 
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every day.  They carry it in their pocket and want to be a part of designing, creating, 
coding, or building whatever comes next.  So, in terms of recruitment, we make it clear to 
students that we want them to pursue degrees in these areas and will do whatever we can 
to support them.  I think that’s the difference for black students attending an HBCU, or at 
the very least having an African American advisor or professor.  The issues they face. 
That I’ve faced, you’ve faced…  I see the world they’re entering into because I’ve been 
there, which allows me to understand their journey in a way that others can’t.  Don’t get 
me wrong, having a black professor isn’t enough, but I think students want to see 
themselves represented in the rooms they enter.  But are there recruitment challenges?  
Yes.  Are high excelling students likely being recruited by HBCUs and Predominately 
White Institutions?   
The Researcher: I applied to and was recruited by both HBCUs and PWIs. 
Interviewee A: Exactly!  But for black women, because there are so few representatives 
in academia, recruitment can be a challenge.  But again, the question shouldn’t be, “why 
aren’t black girls being recruited?”  But rather, “why aren’t black women being prepared 
in the same ways their white, male peers are?”  “Why are Asian and Indian students 
leading minority groups in STEM enrollment and degree completion?”  If it’s a question 
of enrollment, it's also a question of the systemic walls that stop students from being a 
part of it.  
The Researcher: Is there also the issue of there being so few black men and women 
instructors, administrators, leaders in the academic space?  Students who responded to 
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our survey said that they had to go into the community, outside of their schools, to find 
mentors who looked like them. 
Interviewee A: This is also the case, but to teach, you must have been taught.  You must 
have mastered artificial intelligence or engineering, or at least have the know-how to 
create opportunities where others can teach these young people… I’m aware of the work 
you’re doing in the community and the STEM lab you created.  Those kinds of 
opportunities are essential because they expose kids to science when they haven’t 
considered college applications or career prospects.  They get to develop a natural love 
for science, and then they want to learn more.  When their desire for knowledge is 
incentive-free, and if they can learn without the pressures of scholarships and can be 
taught by people who don’t just look like them but understand them and are present and 
active, I believe we’ll see improved outcomes.  So, if you want more black mentors in 
STEM, you have to train the young ones and prepare them for leadership, similar to how 
you seem to be doing in your program. 
Essential to the interview was a discussion about the digital divide considering students 
are now forced into some form of online education because of the COVID-19 pandemic.  
Whether it be a hybrid of in-class and asynchronous learning or a fully web-based model, 
institutions are incorporating digital platforms into their pedagogical systems of instruction.  
Considering the digital divide and how access to systems constrains participation, I was curious 
about Interviewee A’s perception of its impact.  In reply to the question, “How do you think the 
digital divide impacts racial and gender disparities, particularly now when education is 
predicated on a student’s ability to access educational technology?  In the survey, students 
mentioned the challenges they faced in accessing educational technology and reliable wireless 
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internet.  Of course, the challenge is magnified today because of the pandemic, but what are your 
thoughts on how access to systems impacts disparities?” Interviewee A said the following: 
Interviewee A: Access is pivotal.  At the university level, we’ve had to gift, award, loan, 
and rent computers to students who either didn’t have a laptop at all or didn’t have one 
with the systems to complete college coursework.  We’ve also had to equip instructors 
with resources so they can adapt.  So, imagine a high school student who doesn’t have a 
computer.  Or who has to share a computer with a sibling. Or two.  Or maybe they don’t 
have Wi-Fi and are using their cell phone as a mobile hotspot so they can complete their 
college applications.  I haven’t researched whether the digital divide impacts black 
students disproportionately, but if studies suggest that black students tend to be more 
under-served, then I would argue there is likely a relationship between the two.   
The Researcher: What is unique about the experience at HBCUs that is of greater benefit 
to African American women in STEM?  What are HBCU’s doing to improve access and 
participation amongst black women?  
Interviewee A:  I think the diversity in leadership, staff, administrators, professors, 
adjuncts, etc., lends to a more academically fulfilling experience for black women.  This 
is just my professional opinion.  And it's not only that most of our instructors and staff 
are people of color, and probably about half are women.  Or even that a lot of them 
attended HBCU’s at some point in their student career.  But the sense of community we 
provide is different than, say at (a prominent PWI in the state of North Carolina).  Don’t 
get me wrong, they are an extraordinary institution and have produced great students and 
alumni.  And the strength of their name and alumni networks matter.  But I wonder about 
 
109 
the student experience before, during, and after their studies.  Do aspirants feel welcome?  
Do students feel included?  Do graduates feel supported?   
 As reflected in the literature, Lockett, Gasman, & Nguyen (2018) argue that HBCUs 
distinguish themselves through the intentionality of their approach to diversity, where 
representation in senior-level, instructor, and academic leadership is prioritized, the authors 
suggest, to reduce institutional bias, racism, and structural inhibitors to social diversity.   
The Researcher: This is actually something I’m examining, if students at PWIs feel 
welcome and if the environments are inclusive.  The majority of those in our study who 
attended (Site-A) found their environments inclusive, which wasn’t necessarily the case 
for those at (Site-B). 
Interviewee A: I believe this is where HBCUs thrive, especially with black women 
because there are so many prominent women represented in department leadership and 
instruction within our university... You have to remember why HBCUs were founded.  It 
was because black students weren’t allowed to attend many of these institutions, so 
founders began constructing institutions where African Americans could receive a quality 
education, where students are challenged academically, groomed professionally, and 
enhanced socially.  A pillar of the HBCU experience is that a student’s time here isn’t 
just about what you learn but also about what you leave!  Most graduates leave their 
university with a degree.  HBCU graduates leave with a legacy, a community, and a 
responsibility. 
The Researcher: And in terms of what HBCUs like (Site-A) are doing to improve equity 
and access in STEM? 
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Interviewee A: Our outreach efforts, I think, are second to none.  We make our presence 
felt in our communities across the state.  We’ve opened STEM incubators in urban areas. 
We’ve partnered with high schools to give kids exposure to college-level resources.  We 
developed an early-college high school on campus so juniors and seniors can graduate 
with a high school diploma and two years of college credit.  We host summer camps, help 
students matriculate from technical and community college into full-time enrollment.  
And most importantly, our alumni are actively recruiting students on our behalf.  We’re a 
family, and it shows, especially when our graduates and students make the case on our 
behalf. 
Interview B (Site-B) – Institutional & Instructional Failures of Inclusion and Equity 
Shield’s (2010) study frames educational equity in simple terms, suggesting that 
institutional diversity is best achieved when administrative leaders enact transformative policies 
and strategies to make learning environments more inclusive.  Moreover, Whitaker & 
Montgomery’s (2014), Sardelis, Oester, & Liboiron’s (2017), and Jones’ (2016) respective 
research argue that institutional commitments to racial equity, gender equality, and socially 
immersive learning environments are critical to improving representation in education.  It is 
through the perspective of institutional responsibility that Interviewee B approached the 
qualitative interaction.  When asked, “What are your thoughts on the state of diversity in STEM 
education?” Interviewee B replied: 
Interviewee B: From the perspective of someone who is white and has mostly worked at 
predominately white universities, I’ll say, quite frankly, that as educators and institutional 
leaders, we have to do more to improve diversity.  Not just in STEM, but in every class, 
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group, grade, school, afterschool program…  We have to make sure we’re casting a wide 
enough net to capture students who don’t look like me or come from where I’ve come 
from.  That means first acknowledging the difference in how students of color make their 
way through the world… We’re only one generation removed from segregation, and the 
impact of those policies continues to affect students today.   
The Researcher: Yes, my father was a teenager when schools desegregated.  The entire 
state of North Carolina didn’t fully integrate until 1971, meaning some counties took 
years before they fully complied. 
Interviewee B: We have to confront those truths and stop dismissing racial discrimination 
as a historical artifact.  So, before we can even begin a conversation about STEM, we 
have to start there.  But to answer your question, I think it’s a combination of things.  For 
instance, are STEM programs being taught as frequently in public schools mostly 
populated with black and brown students as they are in, say, the North Carolina School of 
Math and Science?  Or in any private high school in an affluent, well-to-do community?  
Do the majority of students in public schools have a one-to-one, computer-to-student 
ratio, or are they under-equipped?  How about robotics equipment, 3D printers, and 
iPads?  What about at home?  Do those students have access to a computer there?  STEM 
requires investment, and the truth is many schools don’t have the funding to make 
investments.  So, those students are getting left behind. 
The Researcher: The survey revealed that most students were introduced to STEM 
outside of school because of what you’re describing. 
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Interviewee B: Which is why institutions need to step up and do more to bring students of 
color and girls to the table.  I’m really impressed with some of the work you and others 
do, and I hope it continues once it’s safe enough to do so.  But community engagement is 
pivotal.  There are so few opportunities available in schools.  Even here on (Site-B’s) 
campus, our students have taken the lead and are creating mentorship programs and 
partnering with local middle and high schools to help expose kids to STEM.  Exposing 
them to science as early as possible is important, whether it’s in the classroom, a public 
library, or a high school gym on a Saturday morning.  They have to be given the 
opportunity to experience it. 
In the literature, Mullins (2018) studies the motivating factors that sustain black women 
and girls' interests in STEM and suggests that culturally inclusive environments contribute 
mightily to not only retention but also successful academic outcomes.  The author also goes on to 
say that HBCUs tend to prepare black women more effectively for STEM careers, considering 
both their institutional commitment to administrative and instructional diversity and their unique 
capacity to provide systems of support in combatting institutional bias, gender prejudice, and 
cultural microaggressions.  Respondents to the quantitative survey also noted that instructors at 
PWIs were less racially and socially diverse, inclusive, and welcoming in comparison to their 
HBCU counterparts, similar in theme to Winkle-wagner & McCoy’s (2018) study, which 
examines the varying experiences of students pursuing STEM degrees at HBCUs and PWIs.  
When presented with these findings and asked, “What are your thoughts on the varying 
experiences of black female students in STEM disciplines at HBCUs and PWIs?  Are HBCUs 
simply better environments for black women?”, Interviewee B thoughtfully responded: 
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Interviewee B: I think the answer is as complex as the question.  HBCUs are beautiful 
institutions and can offer students experiences that predominately white institutions can’t.  
I think that (Site-B) can be a place that is more inviting and culturally diverse. Ours is 
one of the most liberal and progressive institutions in the country, and we’ve worked hard 
to make this place fairer and more equitable.  And I don’t want to project the idea that 
black students can only be made to feel welcomed and included on black campuses 
because we can do more to make (Site-B) a place for everyone.  But I won’t challenge 
your research, and I know we can do more to promote diversity and equity.  We need 
more women of color in positions of influence in departments.  We need to be reviewing 
diversity and inclusion policies more regularly.  Our outreach can be enhanced, and we 
have the resource to broaden our reach.  We could build diversity initiatives, prioritize 
women and minority recruitment and hiring.  We could do more!  A lot more.  The 
question becomes will we do more, more than once.  I think HBCUs commit to the work 
of diversity.  PWIs sometimes seem satisfied with the perception of diversity and 
inclusion.  So, I’d like to think that (Site-B) can become a place that offers all of the 
things your students said we don’t.  But we’ll have to do the work. 
Reflecting on the literature, Christie et al.’s (2017) research suggest that the lack of 
diversity in STEM at the university level is (at least in part) a consequence of challenges with 
academic enrollment, precisely the absence of minorities and women at executive levels of 
recruitment.  Institutions, Coleman & Anjur (2019) argue, are the underwriters of racial equity 
and social inclusion in science and technology education, as improving administrative and 
instructional representation allows for greater representation in STEM participation.  When 
posed with the question, “As it pertains to black women specifically, why do you believe there 
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are so few in STEM fields of education, both in academic environments and along vocational 
pathways?” Interviewee B responded: 
Interviewee B: I believe that black women’s enrollment is a reflection of black women’s 
hiring in departmental offices.  Black women at the head of classrooms, in administrative 
posts, in the chancellor’s suite, and on the board of directors.  And representation in the 
STEM sector reflects representation in hiring, in academia, and in recruiting.  An 
institution can’t be surprised that it struggles to attract black women in mathematics and 
engineering when no black women are lecturing, leading, and positioned to advocate for 
our department.  Again, diversity is a commitment.  As a woman in science, I know how 
challenging it was for me to be accepted.  I can only imagine what it's like to be a black 
woman trying to defend against the microaggressive behavior of people who reject their 
presence.  As educators, advocates, and allies, we have to do more to create room for 
students of color to be included.  That’s why I think what you’re doing as a community 
leader is essential because while institutions struggle to wrap their arms around the 
problem, you’re in the neighborhoods building up the next generation of scientists and 
leaders.  It matters!  So please, do not stop what you’re doing. 
Figure 9 highlights key moments captured in the qualitative interviews, ranging from the 
interviewees’ shared perspectives on the social effects of institutional racism to the need for 




Figure 9. Key Moments from the Qualitative Study 
Review of the Findings 
In review, this mixed-methods assessment focused squarely on the social, structural, 
institutional, and systemic challenges that impact how black women and girls engage in 
educational environments where the intersectionality of their social identity inhibits their 
experience.  The study’s quantitative and qualitative findings not only confirm the beliefs of 
many of the authors in the literature whose works examine the social and racial disparities in 
representation within STEM fields of learning but offer insights into addressing the study’s 
central and secondary research questions.  Again, these research questions being:  
1. What social, economic, structural, and institutional conditions are the leading cause for 
the underrepresentation of African American women in secondary and post-secondary 
STEM learning environments? 
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2. To these factors, is the lack of diversity in STEM a magnification of gender inequality 
throughout science and technology-based education, or is it a consequence of systemic, 
ecological, and cultural factors unique to African Americans' social experiences? 
3. In what ways are Historically Black Colleges and Universities improving equity, 
inclusion, retention, and academic outcomes in STEM among African American female 
student populations? 
The findings conclude that the apparent causes of the underrepresentation of African 
American women and girls in STEM education include: 
• The lack of early-stage participation in science and technology,  
• Racial and gender bias both experienced and observed by students which influences their 
ability and desire to participate,  
• The effects of the digital divide, which impacts students’ ability to access educational 
technology,  
• The absence of instructional diversity, and  
• The varying experiences of students pursuing STEM degrees at HBCUs in comparison to 
those attending PWIs.  
Each of these conditions is further contextualized in Chapter 5, where the relationships between 
the findings and the literature are outlined as part of the analysis's descriptive statistical 
functions.  Figure 10 summarizes the key conclusions captured during the quantitative study, 
from disparities in access to educational technology to STEM students feeling unwelcome at 




Figure 10. Descriptive Statistical Analysis 
The study also reveals the institutional and structural conditions contributing to African 
American women's experiences in science and technology as observed by administrators.  The 
qualitative findings conclude that not only are race and gender factors in determining a black 
female student’s ability to access, participate, and succeed in STEM fields of education but 
researching these conditions requires an acknowledgment of how systemic racism and gender 
prejudice obstruct diversity and widen social disparities in both instruction and enrollment.  
Finally, as the literature and the findings infer that the makeup of a learning environment also 
plays a significant role in developing students' academic interests, shaping their motivations, and 
strengthening self-agency, self-efficacy, and sense of belonging, community-sponsored STEM 
learning environments (the data revealed) have helped to increase participation amongst 
underrepresented student groups (Whitaker & Montgomery, 2014; Sardelis, Oester, & Liboiron 
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2017; Jones, 2016).  These elements of the qualitative research and their connections to works 
reviewed in Chapter 2 are also discussed in the section to follow.  Thus, the study’s findings 
contribute to the literature’s investigation of how race and gender impact access and 
participation, both through the student’s experience and the institution’s acknowledgment of its 






CHAPTER 5: CONCLUSION 
Summary and Analysis of the Exploratory and Explanatory Research 
 The goal of this research study was to explore diversity in STEM education through the 
context of a student’s racial and gender identity, where an African American woman’s 
experience in fields where she is underrepresented can be investigated to understand more 
clearly the conditions that influence disparities in access, participation, and academic outcomes.  
Examining these factors required a multifaceted theoretical approach, where Critical Race 
Theory, Critical Race Feminism, and Phenomenological Variant Ecological Systems Theory 
could be applied jointly to study (1) how the systemic and structural effects of institutional 
racism and gender bias influence African American female students’ ability to navigate the 
STEM pipeline successfully and (2) how HBCUs are making post-secondary STEM learning 
environments more equitable and inclusive.  Through a sequential mixed-method research 
assessment that included both quantitative and qualitative instruments, the data (in many ways) 
supported the consensus of the peer-reviewed literature, suggesting that not only is the 
underrepresentation of black women and girls in STEM a byproduct of the intersectional biases 
that are unique to their social experiences, but is compounded by social and structural conditions 
that impact: 
• Access to digital learning systems, educational opportunities, and mentors of color, 
• The efficacies of social agency and the student’s sense of belonging, and ultimately 
• Academic outcomes, given the systemic challenges black female students face at the 
cross-section of their racial and social experience. 
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However, the research findings also emphasized the significance of non-traditional 
STEM education given (according to the quantitative study) the social disparities in access to 
STEM learning due (in part) to the lack of technology education in public schools, the 
disproportionate impact of the digital divide on under-served communities, and how the 
intersectionality of race and gender inhibits representation of black women in technology 
education. 
In summary, the descriptive statistical analysis of the exploratory findings revealed 
connections to the literature’s investigation of social and racial disparities in the following ways: 
1. How the findings coincide with Jones’ (2010) and Neuman & Celano’s (2012) research 
on under-served and underrepresented minority populations’ inability to access early-
stage introductory opportunities in STEM learning, as 54% of students responded as 
having not been introduced to STEM until the 8th grade, 30% until the 10th grade, and 
91% of all participants having had no STEM-specific programming in their public 
schools.  
2. The study’s reporting of representation amongst minority & female instructors and 
students in K-12 STEM environments.  While over 63% of respondents noted that 
African Americans typically represented a marginal percentage of their mostly 
community-sponsored STEM peer groups (between 5-35%), females were 
disproportionately underrepresented (85% of environments only having between 5-15% 
female participation).  This disparity, according to Jackson (2018), Hutton (2019), and 
Young et al. (2017), impacts not only a student’s desire to participate in science and 
technology education but their sense of belonging in STEM learning environments. 
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3. The connections between Resta & Laferrière’s (2015), Hargittai & Hinnant’s (2008), 
Weiss, Yates, & Gulati’s (2016), Kandlhofer et al.’s (2016), and  Kumar’s (2016) 
respective studies on the influence of the digital divide, as the findings suggest that only 
50% of African American female students ages 23-27 and 40% of students ages 28-32 
have both consistent access to a computer and reliable internet access within their home. 
4. The roles parents, mentors (specifically those whose social experience is in some way 
analogous to their students, as framed in Salter’s TEDx lecture), and instructors of non-
traditional, community-sponsored science and technology programs (considering that for 
most participants, these spaces served as a substitute for the absence of in-school STEM 
learning) play in steering students toward science education, as over 80% of students 
responded that they were encouraged by a parent or advisor to pursue a STEM-focused 
academic discipline at the post-secondary level (TEDx, 2018; Kumar, 2016). 
5. The data’s support of earlier works by Rosa & Mensah (2016), Locket, Gasman, & 
Nguyen (2018), and Dr. Jedidah Isler (per her 2016 TED Talk), which examine how 
racial and gender marginalization impacts African American female students’ 
participation in fields of science and technology education, as under 34% of respondents 
to the quantitative exercise found more specialized fields (medicine, robotics, artificial 
intelligence, and physics) as highly attractive fields of study (TED, 2016). 
6. How Charleston et al.’s (2014), Ireland et al.’s (2018), Young et al.’s (2017), the White 
House Initiative on Educational Excellence for African Americans’ (2016), and Rosa & 
Mensah’s (2016) respective studies on the treatment of African American female students 
along their academic journey (due to the intersectionality of their racial and gender 
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identity) corroborates with the study’s revelation that 88% of students experienced racial 
bias and 91% observed racial bias in academic environments.   
7. The differences in how students pursuing STEM degrees at HBCUs and PWIs perceive 
their instructor’s commitment to their academic success and assess their overall 
university experiences, as over 85% of students pursuing STEM-based degrees at an 
HBCU found their instructors unbiased, racially diverse, inclusive, impartial, invested in 
their academic success, and welcoming, compared to less than 50% of respondents who 
attended PWIs in many of the same categories (Lockett, Gasman, & Nguyen, 2018; 
Whitaker & Montgomery, 2014; Sardelis, Oester, & Liboiron, 2017; Jones, 2016; 
Mullins, 2018).  
On the other hand, thematic analysis of the explanatory findings, while informed by the 
quantitative study, indicates that the intersectionality of a students’ race and gender are factors in 
determining their ability to access, participate, and succeed in STEM fields of education.  As 
expressed by both Interviewees A and B, understanding more clearly the social and civil 
challenges faced by African American people and the long-term effects of institutional and 
systemic racism, structural bias, etc. is an essential first step to investigating the conditions 
impacting black female student participation in any academic discipline (Bell, 1976).  
Considerations of how a student’s gender encumbers access and participation, particularly in 
environments where they are already underrepresented (as revealed in the quantitative study), 
both interviewees argue, has a compounding effect on a student’s academic outcome.  Moreover, 
Interviewee A’s suggestion that the lack of social and racial diversity in STEM is not at all due to 
students’ general disinterest in science fields but rather their unfulfilled desire to “see themselves 
represented in the rooms they enter;” which is strengthened by Interviewee B’s sentiments 
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regarding the need for greater racial and gender representation in both instruction and academic 
leadership in STEM-focused departments at the post-secondary level; infers that the 
intersectionality of African American female student’s experience of being both black and 
female contributes to disproportionate outcomes. 
The qualitative findings also imply that the makeup of a learning environment plays a 
significant role in developing students' academic interests, shaping their motivations, and 
strengthening self-agency, self-efficacy, and sense of belonging.  Interviewee A’s responses 
inferring (1) the need for more STEM mentors of color, (2) that enrolling students in culturally 
representative spaces helps to better prepare them to be future leaders in STEM as they develop a 
natural love and enjoyment for science, and (3) how HBCUs promote inclusion through their 
commitment to diversity in departmental, administrative, and instructional leadership, not only 
echo the themes examined in Kandlhofer et al.’s (2016), Jackson’s (2018), Hutton’s (2019), and 
Winkle-Wagner & McCoy’s (2018) research, but explain why the interviewee considers diverse 
environments more equitable in their treatment of black female STEM aspirants.  Interviewee 
A’s concern for PWI students’ experience “before, during, and after” their studies and whether 
they feel supported along their STEM journey; given the quantitative study’s reporting of 
students feeling excluded and unwelcomed; also speaks to the importance of (as Interviewee B 
stated) an institution’s long-term commitment to the representation of African American women 
in positions of departmental authority.  
Additionally, thematic analysis was applied to assess diversity in STEM through the lens 
of Critical Race Theory, Critical Race Feminism, and Phenomenological Variant Ecological 
Systems Theory to examine how institutional racism, gender bias, and a student’s cultural, 
social, and academic ecologies impact her ability to flourish in spaces that are often absent of 
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diversity.  Each of the interviewees acknowledged that in examining the underrepresentation of 
black women and girls in STEM education, researchers must consider how systemic racism and 
gender prejudice obstruct diversity and widen social disparities.  Bell’s (1976) framing of the 
sustained impact of institutional racism in education, and Galloway’s (2012) application of racial 
justice philosophy in investigating the specific effects of structural bias in science education, 
were substantiated not only by the qualitative elements of the study, which indicate that racial 
and gender partiality are contributors to the disproportionate underrepresentation of black 
women in STEM, but by the exploratory findings that informed the interviews as well.  Also, 
given the ecological factors that influence access to educational technology, the impact that 
community learning environments and HBCUs have had in broadening participation, and the 
influence of the bidirectional elements of PVEST; a student’s ability to interpret, engage, and 
react to experiences within their environment, for instance; are vital to creating inviting spaces 
where students feel welcomed and perform at their highest academic capacity (Morton & 
Parsons, 2018).   
Lastly, considering the respondents' active participation in non-traditional, community-
sponsored learning environments, the findings indicate the need for a reclassification (or 
broadening) of who are considered practitioners in STEM education.  According to both the 
quantitative and qualitative elements of the research, non-traditional spaces not only provide 
students with alternative pathways to access and participate in STEM learning, but; considering 
the disparities along the digital divide, intersectional biases that affect social agency and a 
student’s sense of belonging, and the lack of consistent STEM programming in the respondents’ 
public schools; are major contributors to creating a more welcoming and equitable ecosystem for 
students to engage STEM education.   Thus, through its quantitative examination of the 
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experiential factors that hinder access and participation and its qualitative study of the 
institutional and structural inhibitors of equity at the post-secondary level, this study contributes 
to the broader communities of thought whose shared efforts seek to comprehend and resolve the 
intersectional challenges that women and girls of color face in pursuit of academic opportunity in 
science and technology sectors.   
In summary, applying descriptive statistical analysis and thematic analysis to assess the 
quantitative and qualitative findings uncovered a clear connection between the recorded 
experiences of participants in this study and the data captured in the peer-reviewed works 
examined in Chapter 2.  The parallels between the conditions explored in the secondary research 
and the outcomes revealed in the primary research underscore the multi-layered complexity of 
the research community’s investigation of the underrepresentation of black women in STEM.  
The findings conclude that an African American female student’s ability to access, participate, 
and achieve success in STEM education results from a range of systemic, social, institutional, 
and ecological conditions.  Therefore, examining these conditions requires a multifaceted 
theoretical approach, where race, gender, and a student’s ability to navigate the ecosystems that 
shape their social experience are all considered.  Combining the functions of Critical Race 
Theory, Critical Race Feminism, and Phenomenological Variant Ecological Systems Theory 
provides a framework for measuring the effects of institutional racism, gender bias, social 
ecologies on diversity, and the representation of African American women in these fields.  Thus, 
from this perspective, the primary study not only substantiates the use of these three philosophies 
in addressing the research’s central themes, but aids in expanding upon the literature’s 
exploration of the relationship between racial, gender, and environmental hindrances that black 
women endure at the intersection of their social experience.  
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Limitations of the Study 
 Though the findings aid in addressing the tenets of the primary and secondary research 
questions, there were limitations to the study.  First, capturing a broader data set in the 
quantitative exercise could produce a more comprehensive research study.  Limiting the 
exploratory exercise to 59, mostly African American, female students, restricts the study’s ability 
to uncover if the effects of the conditions expressed in the quantitative research; the digital 
divide, and the absence of designated STEM programming in the respondents’ public schools, 
for instance; disproportionately impacts black women in comparison to black men or women 
from other minority groups.  Moreover, disparities in how students access educational 
technology may impact students more harshly along geographical or socio-economic lines rather 
than race and gender. Therefore, including students from other cultural or racial backgrounds 
may have aided in producing more apparent determinations about these conditions.  
 Secondly, as no responses were included from female students of other races, examining 
the effects of gender bias in environments where women are underrepresented regardless of race 
bounds the research’s capacity to fully capture the impact of gender bias in STEM fields of 
learning.  A study that incorporates data from Caucasian, Asian, Hispanic, etc., female students 
might have produced a more comprehensive investigation of the compounding effect that race 
has in its intersectional relationship with gender and vice versa.  Lastly, the qualitative study 
could have benefited from additional insights from administrators whose social or cultural 
perspectives differed slightly from the two interviewees who participated.  Like the expressed 
limitations of the quantitative study, having variance in thought relative to how universities 
develop and enact diversity policy could have contributed to better understanding the 
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institutional challenges faced by administrators and the kinds of best practices needed to improve 
academic and administrative outcomes. 
Further Research Considerations and Recommendations to Practitioners 
 The quantitative research could be broadened through an expanded statistical analysis 
that includes younger, teenaged subjects in addition to undergraduate and graduate participants.  
The exploratory data suggests that more youthful students, specifically those ages 18-22, had 
different accounts of their social experiences in primary and secondary STEM learning 
environments than their older peers.  This variance in their overall responses could insinuate a 
shift in how students access STEM education, the social makeup of their learning environments, 
and which disciplines they choose to participate in.  A similar research examination with a more 
narrowed subject pool, students ages 16-25, for instance, may produce a more comprehensive, 
up-to-date, and pertinent set of responses to questions and inquiries related to the student’s 
primary and secondary experiences.   
Furthermore, because of the study's sequential design and how the quantitative findings 
informed the research's qualitative elements, students' responses to the survey questions 
uncovered the value placed on non-traditional, community-based education programs.  Given the 
data suggests that these environments became a primary access point for underrepresented 
communities of students, examining the benefits of these kinds of systems became a central topic 
in the interviews that followed.  Thus, considering this development, an argument can be made 
that additional qualitative research should be conducted with mentors and instructors of non-
traditional, organizational, community-based STEM education programming in addition to 
HBCU and PWI administrators to assess better the racial and gender disparities that exist along a 
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student’s academic journey and to develop recommendations for making educational 
environments more inclusive.  Applying the same methodology, a more extensive sequential 
mixed-methods study could be conducted comprised of quantitative responses from African 
American female students attending HBCUs and PWIs across a broader geographic region, 
where the qualitative interviews consist primarily of female instructors of color.  Doing so could 
further contextualize the disparities in representation through the perspective of those who are 
most familiar with the compounding effects of the intersectionality of their sexual and racial 
identity in innovative fields of education.  
Lastly, the findings provide a pathway for practitioners to improve diversity, inclusion, 
and representation in STEM learning.  Applying the foundations of Critical Race Theory, 
Critical Race Feminism, and Phenomenological Variant Ecological Systems Theory to 
understand more clearly (1) the institutional and structural effects of racial and gender bias, (2) 
the technological restraints students experience as a consequence of the digital divide, (3) the 
challenges women of color face at the cross-section of where their racial and gender identity 
intersect, and (4) how culturally representative instruction benefits academic outcomes, could aid 
practitioners in designing more equitable and inclusive pedagogical systems of learning.  While 
the literature and the primary findings infer that achieving diversity in innovative fields of 
education is a complex task, institutions and instructors can contribute to making STEM learning 
environments more welcoming and diverse.  Institutions, for instance, may find that addressing 
the diversity of their student body is best accomplished by bolstering their commitment to 
improving administrative representation, allowing (as was expressed in the findings) students to 
see themselves represented in the spaces they occupy, thus improving students’ sense of 
belonging.  Meanwhile, at the classroom level, instructors may find that being more aware of the 
 
129 
ecological conditions of each student’s experience helps them to create a more inclusive learning 
environment.  Understanding the impact of race, gender, and social ecology on a student’s ability 
to access, participate, and succeed in an academic field requires that practitioners first examine 
the systems and policies that govern their interactions with students.  Thus, in closing, 
institutions’ steadfastness to the ideals of making education environments more socially and 
culturally diverse requires an examination of its institutional and instructional commitment to 
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APPENDIX A: INTRODUCTORY EMAIL AND RECRUITMENT ANNOUNCEMENT 
Sample Recruitment Letter or Email  
 
Email Subject: “Equity in STEM Research Study” 
Dear student: 
My name is T.J. Breeden, and I am a doctoral student at the University of Illinois at Urbana-
Champaign. I am writing to invite you to participate in my research study, which investigates the 
conditions that impact how students of color access and participate in STEM education.  
I am currently studying the underrepresentation of African American women in science and 
technology education.  As an undergraduate or graduate student currently pursuing academic and 
career opportunities in STEM disciplines, you are eligible to participate.  I obtained your contact 
information from your instructor/advisor, Mr./Mrs./Dr. ___________, and hope that you will 
consider taking part in a short questionnaire. 
If you decide to participate in this study, you will be asked to complete a 10-15 questionnaire 
about your experiences, interests, challenges, and motivations to pursue academic opportunities 
in STEM.  The first 25 volunteers will receive a $15 Visa/Mastercard e-gift card, and any 
students who participate beyond that will receive a $10 Visa/Mastercard e-gift card. The 
responses will be used to complete my dissertation on the topic.  All submissions are 
anonymous, and your private information will not be used in the publication. 
Remember, this is entirely voluntary. You can choose to be in the study or not. If you'd like to 
participate or have any questions about the survey, please email or contact me at 
edgartb2@illinois.edu, or by clicking the following link: _________________. 




Doctoral Candidate, University of Illinois at Urbana-Champaign 










Examining the underrepresentation of African American women and girls 
in STEM fields of education 
 
You are being asked to participate in a voluntary research study. The purpose of this study is to 
investigate the social, cultural, and institutional challenges that impact diversity and 
representation in science, technology, engineering, and mathematics (STEM) education. 
Participating in this study will involve responding to a 25-question online survey that examines 
your experience accessing, participating, and engaging in science and technology learning 
environments across your secondary and post-secondary educational career. Your participation 
will last approximately 10-15 minutes, and risk related to this research study is limited to the 
protection of each respondent's privacy and anonymity as part of your completion of the survey. 
Conversely, benefits associated with this study include not only academic contributions to the 
examination of diversity and social representation in STEM, but (in the case of the 50 students 
who complete the online survey) a one-time remuneration of a $10-dollar digital gift card. 
 
Principal Investigator Name and Title: Mary Kalantzis, Ph.D. 
Department and Institution: School of Education, University of Illinois at Urbana-Champaign 
Contact Information: (217) 300-6992, kalantzi@illinois.edu  
 
Why am I being asked? 
You are being invited to a participant in a research study that examines diversity challenges in 
STEM education, precisely the social and institutional causes of the underrepresentation of 
African American women in secondary and post-secondary science education.  You have been 
asked to participate in this research because you responded to an inquiry to participate in this 
online questionnaire and have self-identified as an African American, undergraduate, or graduate 
student majoring in a STEM-related field.  As the study aims explicitly to examine the 
underrepresentation of African American women in these academic fields, the researcher has 
determined that your participation is vital in assessing the conditions causing disparities in access 
and participation. Approximately 50 student participants will be involved in this survey. Your 
participation in this research is voluntary.  Moreover, your decision to participate will not affect 
your current or future dealings with the university you attend, its departments, related courses, or 
the University of Illinois at Urbana-Champaign. If you decide to participate, you are free to 
withdraw at any time. 
 
What procedures are involved? 
This research survey will be performed online.  A total of 50 undergraduate and graduate 
students who are currently enrolled in science and technology-based disciplines within each of 
 
141 
the respective university departments mentioned above will be invited (via online 
correspondences and announcements under the guise of university administrators and instructors) 
to participate in an online study. As the research is conducted online, respondents are not 
required to visit a site or location. The study is designed to capture the experiential factors that 
influenced students' access and engagement in STEM learning at the primary, secondary, and 
post-secondary levels, as well as to gauge if any disparities exist along racial and gender lines.  
Students will voluntarily participate via their expressed interest in the topic of the study by 
responding to a digital, informational communication distributed directly by The Researcher and 
personnel from each respective university’s Department of Information Technology, College of 
Health & Science, or Departments of Computer Science and Engineering. 
 
Moreover, as this is a sequential mixed-methods study, a qualitative study will follow the online 
questionnaire to help assess the conditions, factors, influences, and structural variables that 
impact access, participation, and equity. The survey data will be used to inform the interviews, as 
these exercises will also examine the varying experiential factors that affect students at 
Historically Black Colleges and Universities and Predominately White Institutions, respectively.  
 
What are the potential risks and discomforts? 
Ensuring the privacy and anonymity of research participants presents the most significant risk. 
Otherwise, participants of this study are subject to minimal risk, associated with their ability to 
access the online form, respond to multiple-choice and Likert scale questions, and/or participate 
in a web-based questionnaire.  Submitted responses to the online survey/questionnaire will be 
archived and accessible to the researcher, instructors, and university administrators via a 
password-protected cloud content management system. Student submissions are recorded and 
labeled only by numerical pseudonyms or coded identifiers to protect the anonymity of the 
respondents.  No direct, personal, or identifiable information about the student will be reported in 
the final research deliverable beyond each participant's: Age, Race, Gender, Home city/state, 
university of attendance, University Classification, and Major (as well as concentration, if 
applicable). The student's university email address, which will be used to distribute remuneration 
for their completion of the survey, will also be recorded and archived. 
Are there benefits to participating in the research? 
While the primary benefit of participating is contributing to broader research on the disparities in 
access and participation of African American women and girls in STEM-based learning, 
participants will also receive gift cards for their participation.  The first 50 student respondents of 
the online survey will receive a $10 digital gift card.  Only the 50 students who respond to the 
online survey will receive compensation for their participation in this study.  Gift cards will be 
distributed via the student's university email address provided upon submitting the survey.  Each 
student may only submit one response to the online survey. 
 
Will my study-related information be kept confidential? 
We will use all reasonable efforts to keep your personal information confidential, but we cannot 
guarantee absolute confidentiality. When this research is discussed or published, no one will 
know that you were in the study. But, when required by law or university policy, identifying 
information (including your signed consent form) may be seen or copied by: a) The Institutional 
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Review Board that approves research studies; b) The Office for Protection of Research Subjects 
and other university departments that oversee human subjects research; c) University and state 
auditors responsible for oversight of research; d) Federal regulatory agencies such as the Office 
of Human Research Protections in the Department of Health and Human Services; or e) the 
funder of this research. 
 
Can I withdraw or be removed from the study? 
If you decide to participate, you are free to withdraw your consent and discontinue participation 
at any time. The researchers also have the right to stop your participation in this study without 
your consent if they believe it is in your best interests or if you were to object to any future 
changes that may be made in the study plan. 
 
Will data collected from me be used for any other research? 
As this study aims to contribute to the broader research community's examination of diversity in 
STEM, your de-identified responses to the survey could be used for future research without 
additional informed consent. 
 
Who should I contact if I have questions? 
Contact the Researcher, T.J. Breeden, at (919) 210-5945 or edgartb2@illinois.edu if you have 
any questions about this study or your part in it, or if you have concerns or complaints about the 
research. 
 
What are my rights as a research subject? 
If you have any questions about your rights as a participant in this study, please contact the 
University of Illinois at Urbana-Champaign Office for the Protection of Research Subjects at 
217-333-2670 or irb@illinois.edu. 
 
I have read the above information. I have been given an opportunity to ask questions, and my 
questions have been answered to my satisfaction. I agree to participate in this research. I will be 
given a copy of this signed and dated form. 
 
            
Signature       Date 
      
Printed Name 
            
Signature of Person Obtaining Consent   Date (must be same as subject's) 
 
      




APPENDIX C: STUDENT QUANTITATIVE STUDY INSTRUMENT  
QUALITATIVE INTERVIEW QUESTIONS: 
 
Personal Demographic Information: 
Q1: Are you: 
○ Male 
○ Female 
○ Gender non-conforming 
○ Other 
○ I’d prefer not to answer 
 








Q3: What is your race/ethnicity? 




○ Native American 
○ Other (please specify): ____________________ 
 
Q4-A: Hometown (City): _________________ 
 
Q4-B: Hometown (State): 
[drop-down menu] 
 
Q5: University Attending (or Recently Attended): 
○ Please specify: ____________________ 
 
Q6: University Classification: 
○ Freshman 
○ Sophomore  
○ Junior 
○ Senior 
○ Graduate Student 





Q7: Major/Field of Study: 





○ Biology  
○ Other (please specify): ____________________ 
 
 
K-12 Experiential Inquiry: 







○ Undergraduate studies 
○ Other (please specify): ____________________ 
 
Q9: Please select the STEM activities you participated in prior to attending college (select all 
that apply): 
○ Science fair 
○ Code.org coding education 
○ LEGO robotics and engineering education 
○ Computer programming 
○ FIRST Tech Challenge 
○ FIRST Robotics Competition 
○ Boy/Girl Scouts of America “Scouting” STEM 
○ Math competitions 
○ Drone flight education 
○ Aerospace engineering 
○ Astronomy education 
○ Civil engineering labs 
○ “In class” STEM activities 
○ Other: __________________________________________________ 
 





























Q13: Did you participate in any K-12 afterschool STEM-related programs or extracurricular 
activities? 
○ Yes  
○ No 
 
Q13-A: If Yes, check all that apply: 
○ I participated in extracurricular STEM learning programs as an elementary student  
○ I participated in extracurricular STEM learning programs as a primary student  
○ I participated in extracurricular STEM learning programs as a high school student   
 
Q13-B: If Yes, please name the program(s): ________________________________________ 
    
Q14-A: You indicated that you've participated in STEM education programs at the elementary, 
primary, or high school level.  On average, how many students did your class, group, team or 
after school program consist of? 
○ Less than 5 students 
○ 6-15 students 
○ 17-25 students 
○ More than 25 students 
○ N/A 
 
Q14-B: What percentage of your peer groups would you say were minorities or students of color 
(African American, Hispanic, Asian, Native American, etc.)? 







○ > 50% 
○ N/A 
 
Q14-C: What percentage of your peer groups would you say were African American? 





○ > 50% 
○ N/A 
 
Q14-D: What percentage of your peer group would you say self-identified as female? 





○ > 50% 
○ N/A 
 
Q14-E: What percentage of your STEM instructors, mentors, or teachers were minorities or 
people of color (African American, Hispanic, etc.)? 





○ > 50% 
○ N/A 
 
Q14-F: What percentage of your instructors self-identified as female? 





○ > 50% 
○ N/A 
 
Q15: Did you have access to reliable, high-speed internet at home as an elementary and primary 
student (grades K-12)? 
○ Yes 




Q15-A: If no, how did you access the internet?  __________________ 
 
Q16: Did you have reliable access to a computer at home as a high school student? 
○ Yes 
○ No  
 
Q16-A: If no, how did you access to a computer?  __________________ 
 
 
Q17: Did you have older siblings or relatives who took STEM classes or participated in 




Q18: Did you experience social, racial, or gender bias in learning environments as a child or 
teen? 
○ Yes  
○ No 
 




Q19-A: If Yes, please describe your experience: __________________________ 
 
 
Q20: The following questions examine how your social environment influenced your current 
desire to pursue academic and vocation learning opportunities in STEM: 
 Yes No Not sure 
Q20-A: Did you choose to study 
science, chemistry, physics, math, 
engineering, etc. because you know 
someone who works or studies in this 
field? 
   
Q20-B: Did you choose to study 
science, chemistry, physics, math, 
engineering, etc. because you were 
encouraged to do so by a teacher or 
mentor? 
   
Q20-C: Did you choose to study 
science, chemistry, physics, math,  
engineering, etc. (in part) because your 
parents or a family member advised you 
to do so? 




Q21: Please reply stating your current level of interest in the disciplines listed: 
Field Not at all interested Not so interested Interested Very Interested 




    
Q21-C: Biology 
and Zoology 
    
Q21-D: 
Mathematics 
    




    
Q21-G: 
Chemistry 
    
Q21-H: 
Engineering 
    
Q21-I: 
Cybersecurity 
    
Q21-J: Robotics     
Q21-K:Artificial 
Intelligence 
    
 
Q22: In order of importance (1 being the most important, 5 being the least), rank which of these 
factors have inhibited your learning experience as a college student pursuing academic and/or 
vocational opportunities in STEM fields? 
__ Access to STEM learning opportunities and programs 
__ Access to computer systems, robotics equipment, etc. 
__ Access to wireless internet 
__ Access to STEM mentors and instructors 
__ Social, racial or gender bias 
 
Q23: As it pertains to your experience and interactions with the administrators and instructors 
within the STEM-related departments of your university, would you describe the institution as: 
Welcoming:  Yes: ___ No: ___ 
Inclusive:   Yes: ___ No: ___ 
Unbiased:   Yes: ___ No: ___ 
Accessible:   Yes: ___ No: ___ 
Friendly:   Yes: ___ No: ___ 
Impartial:   Yes: ___ No: ___ 
Culturally diverse (Race):   Yes: ___ No: ___ 
Socially diverse (Gender):   Yes: ___ No: ____ 
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Invested in your academic and career success:   Yes: ___ No: ___ 
 





Q24-A: If Yes, please specify: ________________________ 
 
Q25: Consider both your personal experiences as an elementary, primary, and high school and 
what you may have learned in your studies about the current state of STEM education in K-12 
public schools.  Respond to the following, indicating whether you believe the factor is a big 
problem, a small problem, not a problem, or if you have no answer.?   
 
Field A big problem A small problem Not a problem No answer 
Q25-A: Too little 
time is spent on 
these subjects in 
elementary school 
    
Q25-B Teachers do 
not have curriculum 
materials that are up 




    
Q25-C: Students 
lack interest in 
learning about these 
subjects 
    
Q25-D: Too much 
emphasis is given to 
meeting state 
standards in these 
subjects 
    
Q25-E: Teachers do 
not emphasize the 
practical uses of 
these subjects for 
everyday life 
    
Q25-F: Parents are 
not involved in 
supporting school 
education in these 
subjects 
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Q25-G: Students are 
not willing to work 
hard to excel in 
these subjects 
    
Q25-H: Teachers 
rarely use methods 
that help students 
think critically and 
problem-solve in 
these subjects 
    
Thank you for completing the study!  If you are one of the first 50 students to submit (or one of 
the first 25 students from each respective institution), you will receive a $10 Visa/Mastercard 
Virtual e-gift card which will be processed and distributed to you via email within 24-hours.  If 
you are not among the first to complete this survey and do not receive a gift card, please know 
that your participation is greatly appreciated, and your responses will contribute to the 









Examining the underrepresentation of African American women and girls 
in STEM fields of education 
 
You are being asked to participate in a voluntary research study. The purpose of this study is to 
investigate the social, cultural, and institutional challenges that impact diversity and 
representation in science, technology, engineering, and mathematics (STEM) education. 
Participating in this study will involve an individual, semi-structured, online interview that 
examines structural conditions inhibiting access, participation, and engagement amongst African 
American female students in science and technology learning environments across secondary 
and post-secondary education. Your participation will last approximately 30-40 minutes, and risk 
related to this research study is limited to the protection of each respondent's privacy and 
anonymity as part of your completion of the interview. Benefits associated with this study 
include academic contributions to the examination of diversity and social representation in 
STEM. 
 
Principal Investigator Name and Title: Mary Kalantzis, Ph.D. 
Department and Institution: School of Education, University of Illinois at Urbana-Champaign 
Contact Information: (217) 300-6992, kalantzi@illinois.edu  
 
Why am I being asked? 
You are being invited to a participant in a research study that examines diversity challenges in 
STEM education, precisely the social and institutional causes of the underrepresentation of 
African American women in secondary and post-secondary science education.  You have been 
asked to participate in this research because you are an undergraduate or graduate educator, 
administrator, and/or university leader in a STEM-related field and have been identified by 
members of your institution as having professional insight into the themes and subjects related to 
this topic.  As the study aims explicitly to examine the underrepresentation of African American 
women in these academic fields, the researcher has determined that educators' and 
administrators' participation is vital in assessing the conditions responsible for social and cultural 
disparities in access and participation in STEM education.  Approximately two-to-four 
administrators will be involved in the interview series. Your participation in this research is 
voluntary.  If you decide to participate, you are free to withdraw at any time without affecting 
that relationship. 
 
What procedures are involved? 
This research interview will be performed online.  As many as four administrators currently 
instructing science and technology-based disciplines will be invited to participate in an online 
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study. As the research is conducted online, respondents are not required to visit a site or location 
to participate. The study is designed to capture the experiential factors that influenced students' 
access and engagement in STEM learning at the primary, secondary, and post-secondary levels 
and gauge if any disparities exist along racial and gender lines.   
 
Moreover, as this is a sequential mixed-methods study, the interviews will be preceded by 
quantitative research (online survey).  50 African American, undergraduate, or graduate students 
majoring in STEM-related fields will participate in an online, 25-question survey that examines 
their personal experience accessing, participating, and engaging in science and technology 
learning environments across your secondary and post-secondary educational career.  The survey 
data will be used to inform the interviews, as these exercises will also examine the varying 
experiential factors that affect students at Historically Black Colleges and Universities and 
Predominately White Institutions, respectively.  
 
What are the potential risks and discomforts? 
Ensuring the privacy and anonymity of research participants presents the most significant risk. 
Otherwise, participants of this study are subject to minimal risk associated with their ability to 
respond to open-ended interview questions.  The researcher may also prompt follow-up 
questions to expound upon your questions.  The names of instructors and/or administrators will 
be replaced with pseudonyms or coded identifiers to protect their anonymity.  The researcher 
will archive the video or audio recording of the interview via a password-protected cloud content 
management system.  No direct, personal information about the instructors will be collected 
beyond: Race, Gender, Title/Academic Rank/Tenure, Years of experience, and 
Courses/disciplines taught (if applicable). 
 
Are there benefits to participating in the research? 
The primary benefit of participating is contributing to broader research on the disparities in 
African American women and girls' access and participation in STEM-based learning.  
Participants will not receive remuneration.  
 
Will my study-related information be kept confidential? 
We will use all reasonable efforts to keep your personal information confidential, but we cannot 
guarantee absolute confidentiality. When this research is discussed or published, no one will 
know that you were in the study. But, when required by law or university policy, identifying 
information (including your signed consent form) may be seen or copied by: a) The Institutional 
Review Board that approves research studies; b) The Office for Protection of Research Subjects 
and other university departments that oversee human subjects research; c) University and state 
auditors responsible for oversight of research; d) Federal regulatory agencies such as the Office 
of Human Research Protections in the Department of Health and Human Services; or e) the 
funder of this research. 
 
Can I withdraw or be removed from the study? 
If you decide to participate, you are free to withdraw your consent and discontinue participation 
at any time. The researchers also have the right to stop your participation in this study without 
your consent if they believe it is in your best interests or if you were to object to any future 





Will data collected from me be used for any other research? 
As this study aims to contribute to the broader research community's examination of diversity in 
STEM, your de-identified responses to the interview questions could be used for future research 
without additional informed consent. 
 
Who should I contact if I have questions? 
Contact the Researcher, T.J. Breeden, at (919) 210-5945 or edgartb2@illinois.edu if you have 
any questions about this study or your part in it, or if you have concerns or complaints about the 
research. 
 
What are my rights as a research subject? 
If you have any questions about your rights as a participant in this study, please contact the 
University of Illinois at Urbana-Champaign Office for the Protection of Research Subjects at 
217-333-2670 or irb@illinois.edu. 
 
I have read the above information. I have been given an opportunity to ask questions, and my 
questions have been answered to my satisfaction. I agree to participate in this research. I will be 
given a copy of this signed and dated form. 
 
 
            
Signature       Date 
 
      
Printed Name 
 
            
Signature of Person Obtaining Consent   Date (must be same as subject's) 
 
      







APPENDIX E: INSTRUCTOR QUALITATIVE STUDY INSTRUMENT 
QUALITATIVE INTERVIEW QUESTIONS: 
 
Personal Demographic Information: 
Q1: Are you: 
○ Male 
○ Female 
○ Gender non-conforming 
○ Other 
○ I’d prefer not to answer 
 
Q2: Please enter your current age: ___________ 
 
Q3: What is your race/ethnicity? Please select all that apply. 




○ Native American/American Indian 
○ Pacific Islander 




Q4: Universities you graduated from: _________________________________________ 
 
Q5: In what year did you earn your highest degree? 
Dropdown [2013 - 1940] 
 
Q6: What academic institutions are you currently affiliated with? 
○ Please specify: ___________________________ 
 
Q7: What is your current faculty rank? 
○ Non-tenure track 
○ Tenure-track Assistant professor 
○ Tenure-track Associate professor 
○ Tenure-track Full professor 
○ Tenure-track Distinguished/Endowed/Emeritus/Regents professor 
 
Q8: What is your current [Non-tenure track] position? 
○ Instructor/Lecturer 
○ Adjunct professor 
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○ Clinical faculty 
○ Research faculty 
○ Other (please specify) ____________________ 
 
Q8: In what year were you first hired into a tenure-track position? 
Dropdown [2013 – 1940] 
 
Q9: Which of the following would you consider your primary field of study? 
○ Agricultural sciences 
○ Biological/Life sciences 
○ Computer/Information sciences 
○ Environmental sciences 
○ Engineering 
○ Health sciences 
○ Mathematics/Statistics 
○ Neuroscience 
○ Physical sciences 
○ Psychology 
○ Sociology 
○ Other social sciences/Humanities 
○ Other (please specify) ____________________ 
 
Interview Questions (Semi-structured with follow-up questioning): 
1. What are your thoughts on the state of diversity in STEM education, both in instruction 
and enrollment?  
2. What would you consider the primary drivers of the apparent disparities in representation 
amongst African American women in STEM education?  
3. How do access, participation, the digital divide, mentorship, self-efficacy, and culturally 
representative instruction impact racial and gender disparities?  
4. Why do you believe there are so few black women in STEM fields of education, both in 
academic environments and along vocational pathways?  
5. What are HBCU’s doing to improve access and participation amongst black women?  






APPENDIX F: IRB NOTICE OF EXEMPT DETERMINATION 
 
